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PROP-I: AN EFFICIENT IMPLICIT ALGORITHM FOR CALCULATING NONLINEAR
SCALAR WAVE PROPAGATION IN THE FRESNEL APPROXIMATION

1. INTRODUCTION

This report develops in detail an algorithm for rapidly advancing the solution of the
parabolic equation that describes the propagation of an intense laser beam in an absorbing
medium. The heating of the medium by laser radiation causes the index of refraction to
change; this in turn modifies the propagation of the beam. A steady wind, with or with-
out beam-sluing, is assumed to sweep out the heated air, leading to a steady state. The
relevant equations were derived in a previous report (1) in which it was shown that scalar
wave theory in the Fresnel approximation, together with linearized hydrodynamics, pro-
vide very good approximations for the parameters of interest to the Navy and lead to the
parabolic partial differential equation for the complex amplitude. It is assumed that the
reader of this report is familiar with Secs. I and II of the earlier report, which describes
the physics of the problem.

Section 2 of this report gives a new set of transformations of the partial differential
equation. This set is similar to the set employed successfully in a pulsed-beam computer
program (2). In Sec. 3 the implicit algorithm that replaces the explicit algorithm of
Ref. 1 is derived. Section 4 is devoted to two distinct discretization schemes for the co-
ordinates transverse to the propagation direction. Section 5 discusses boundary values.
Section 6 is a "handbook" for use of the program. A flowchart and Fortran listings are
presented in Appendix A.

2. TRANSFORMATIONS OF THE PARTIAL DIFFERENTIAL EQUATION

The starting point is Eq. (1) of Ref. 1:

2ik a° + v2 + k2(n= (1)

where

40 is the scalar wave amplitude of the light beam, k = 2ir/X, (X = wavelength of the
light beam)

z is the propagation direction

2 a2/3X2 + a2/ay2 is the Laplacian in transverse coordinates

n is the index of refraction of the medium (n = 1 in vacuum).

Note: Manuscript submitted December 14, 1973.
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Define x = x/a, y = y/a, and ¢ = z/ka 2 , where a is a scale length associated with the
transverse beam size at z = 0. Then, if '1i(Y, y, ¢) = 4o(x, y, z), Eq. (1) becomes

2i al + V21P + k 2a2 (n2 - 1) 1 = 0 . (2)

Introduce a phase and scale change to remove the oscillations and amplitude growth
of a focused Gaussian beam in vacuum:

V(jTiexp[-i y y2 In D1/2 - itan1( 1 _

where

D(¢) =2 + (1-_ 2

f = f/ka2 ,

so that

-1 V t2____ y2 D1/2 (y 02 22i jF VJI'2 - D2y 2 + 2i -nDl a 2 + ap2 ) + 2D2 ~ ~ \~~ ay )D
+ k2a2(n2 - 1) 02 =0.

(3)

The transverse coordinates are made to follow the vacuum trajectories of the focused
beam by the transformation

x~ = YI , Sy = Y-/1i, '3 (2, Y. t) = '22(x, Y.),

so that

aOp3 +1 ~2 ~~2+ Y2 2
2i -+ D V1 '3 - D Y /3 + D 4'3 + k2 a2 (n2 - 1) 1 3 = 0 (4)

The factors of 1/D can be removed with the transformation dZ/dr = 1D, which for equal
steps in the new variable Z, gives smaller steps near the focus for the variable t. Then,
defining '44(X, y, Z) = '3 (2, y, t), Eq. (4) becomes

2i a + - - (x+ Dk22a 22(n 2 -1)P42i a'p+ V~i V4 (2322) 'P D~2( 4 = 0. (5)
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3. IMPLICIT ALGORITHM FOR Z-INTEGRATION

Following Herrmann and Bradley (3), define

g(Q,31,Z) = x2 + 312 - 2 - k2a2D(Z)(n2 -1)

and let

fzIP4(XYs Z) = ¢,(x,i, Z) exp [ o 2 Q- Y, Z ] 

where Zo is a constant. Let

r(g, y Z) - f2 g(x, Y, Z') dZ'.
zo

Then Eq. (5) becomes

2i + H(Z) f' = 0 (6)az

where the operator H is defined to be

H(Z) = eirVlV e-if.

The specification of H(Z) for numerical work is now required. Equation (6) is a non-
linear partial differential equation which is first order in Z. A difference scheme solu-
tion will be built up from elementary steps that create new values of the dependent variable
11 on a plane Zc = constant from known values on a plane Zc- AZ. If AZ is small enough
(this will be made explicit below), it is virtually immaterial where H(Z) is defined to oper-
ate in the interval [Z, - AZ, Zc]. Various essentially equivalent schemes can be designed
by specification of the plane where H(Z) is chosen to operate (the different schemes may
vary in accuracy, however). For reasons which become apparent below, H(Z) is selected
to operate midway between the two planes. Thus, wherever Z appears explicitly in H(Z),
it is replaced by Zc - AZ/2, so that H becomes

H = eir(zc-AZ/2)Vl2e-ir(Zc-AZ/2).

In addition, the lower limit Zo in 1(Z) is still free to be chosen. The choice Zo = Zc
- AZ/2 is made as well. Then H becomes

so that Eq. (6) is now

2i a + V 4= 0. (7)
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Note that Z0 is redefined at each step, AZ. Thus, the complete module for the iterative
construction of a solution to the problem consists of three steps:

1. Given data 04(Z, Z) on some plane Z1 = constant, form the dependent
variable F(%,3Y. Z1 ) by the phase change

4'(Z1,',[Z1) = ]4(%,31,Zjexp f g(%,31,Z)dZ'
fz1 I ZI

2.
Eq. (7).

Solve for (x, Y1, Z2) where Z2 = Z1 + AZ, using a difference scheme for

3. Recreate the dependent variable '4, now at the new plane Z2 = constant by
the inverse phase transformation

(P4 (, Y, Z2 ) = 4)(x, Y, Z 2 ) exp [_ 2i g(fZ, Z') dZ'] 
2Zl +AZ/2I 

This completes the elementary sequence. For implicit schemes, Eq. (7) is self-starting and
needs only two planes of data, instead of three as required by the algorithm of Ref. 1.
The value of F(Z) is nonzero even in vacuum because of the x + 312 - 2 term in g(%,31, Z).
Above it was stated that AZ must be "small enough"; this translates into a restriction that
the phase change 0.5 f gdZ' per step AZ be small (for example, 60.5 rad).

Since the operator H is separable as

H = Hx + Hy = a 2/aX2 + 32/332,

the alternating-direction implicit (ADI) algorithm (4) can be used. The advancement in Z
goes in pairs. Given 'f(Z,) =(nAZ), n = 0, 1, 2, ... , Nf (where Nf AZ is the range for
which the solution is desired) the first step is explicit in y and implicit in x;

2i ((Zn+l) - (Zn)
AZ

= -Hx 4(Zn+i) - Hy4(Zn)-

The second step is implicit in y and explicit in x;

(Zn+2) - (Z = -H(Z+) -

These two steps can be written as

i Hx) A Z + i AZ ) n

and
(1-i AZ Hy) (D = (1 + i AZ Hx) 4'n+I

4
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where Eq. (8) is completely solved before Eq. (9) and 4cI =_4(Zn). This algorithm is
attractive for two reasons: (a) It is absolutely stable (4) for any choice of step size AZ.
(There are accuracy limitations (3) on AZ, however.) (b) The matrixes which are to be
inverted at each step are band-diagonal for the conventional choices of transverse discreti-
zation (this will become evident below) and are thus rapidly inverted.

4. TRANSVERSE DISCRETIZATION

Two methods have been used to represent the transverse Laplacian in Eq. (7): (a) The
central difference approximation, and (b) the Galerkin method (5) with a linear spline
basis.

4.1. Central Difference Approximation (CDA)

This employs the conventional replacement of derivatives by differences (1), so that

Hx (1, 3, Z) =

Hy4(%,31Z) =

4(R+ A,3,Z) - 24x,31,Z) + 4(1x-, 1,Z)

4(Z, 3+A3y,Z) - 2b(%,31,Z) + 4(ZY-Ay-,Z)
(Ay-)2

With the introduction of the notation

>(QY, mA-, nAZ) =- kQ m 

AZ

. 2(,5)
AZ

y 2 (y)2

Equations (8) and (9) become

(1 + 2i71X)On l - iqxon+lm - iqxon-l
-' 2fx+1m ltxklm= (1 -2 i1y) on'm + jflyonm~ + j?ly onm~( -1

(10)

on+2 _ i- yon+2+1 - iqyo -= ( n+l + i xn+1 +

(11)

Solution of these equations requires that the matrix of the coefficients of the de-
pendent variables on the left-hand sides be inverted. The matrix is tridiagonal (nonzero
entries only on the diagonal and above and below) so that the solution can be rapidly
achieved by single-pass Gaussian elimination (6).

5
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4.2 Galerkin Method

After discretization in Z, Eq. (7) is a set of partial differential equations in the two
transverse variables. Write the set as L(bD) = 0, where L is a differential operator in two
variables and 4D is a vector whose components are the transformed field amplitudes on
the Z plane from which the solution is proceeding. An approximate solution in the form

m

'i (x,y) = L Ci4i(x, y)
ill1

is sought, where bi(x, y), i = 1, ... , m is a system of linearly independent functions satis-
fying the same boundary conditions as 1 (x, y). The {4 i } represents a subset of a set of
functions complete in the region D where a solution is sought. The coefficients Ci are
determined by m conditions of orthogonality

ff L(bJ) i dxdy = 0
D

or

ff L( E Cj 4)(xY)) (i (x, y) dxdy = 0 .
D j=l

Because of the separability of the operator H(Z) = Hx + Hy, the functions 4ci (x, y)
can be written as products of basis functions in each variable. Thus a decomposition of
the form

V(x, y) = L S (x)Si(Y)Cqi (12)
ij

is taken to approximate the fields at each plane Z = nAZ. The basis functions Si (x) are
the linear spline functions defined by

Si(x) = 0, x < xi-,, x > xi+l- (13)

The behavior in the intervals xi- 1 < x < xi and xi < x < xi+1 is determined by the re-
quirement that

d2Si(x) = 0 (14)

dx2

except at mesh points.

The Galerkin method is now applied to Eqs. (8) and (9). If Eq. (12) is substituted
into Eq. (8) and an integration is done over the transverse coordinates, then

6
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cn7+ ff dxdy S&(x)Sm(y) - i 2 Hx) Si(X)Sj(Y)
l,Ji

dxdy SQ(x)Sm(Y) (i + i AZ HY) Si(X)Si(Y)-

[SX]i, - fdxSQ(x)Sj(x)

and

[HXI - fdxSQ(x)HxSi(x),

so that Eq. (15) becomes

i, j

{ [SX] iQ[Sy I j,m + i AZ [Hy]jm[Sx~i4k

{S X S - i AZ H X Sy cn+l
f ~~~2 

= {Sx X Sy+ i AZ S, X Hy} Cn

operate with S-1 X S-1 to get

{Sx Sx X I - i Z S-'HxX I cn+1
I. 2 X XJ

= {I XSy Sy + i 2 IX SY1HY} Cn

where I is the unit matrix. Since the S and H matrixes will be shown to be of the band-
diagonal form with elements

+N

Si, k = Y
n =-N

bn6i,k+n

(see Eqs. (22) and (23), below), it follows that S2lHxSx = Hx. Thus, Eq. (18) becomes

{Sx X I - i AZ HXI}SXCn+1

The q, p element is

{IX Sy + i A IX Hy} S;1cn.

7

i, j

Define

(15)

(16)

i, j

or, in matrix notation,

(17)

(18)

(19)

- i AZ [Hxl
2 i, 2 [SY I jjnI
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1 ![Sx]qi.6~p, - i AZ [Hx]. 21T, 1 q2,LiP' I [S i' ,Q sj

= E {I5q,i[Sylpj
i~j

+ i AZ 2 qi[Hy]pj} E [S1]j QCQ.

The matrix elements are derived by solving Eq. (14) for the Si(x) using the boundary
conditions in Eq. (13). For uniform mesh spacing Ax the result is

xi - x
Si(x) = Ax xi -1 x S Xi

S1(x) =xi+ - x Xi 6 x < Xi+ -

The integrations in Eq. (16) can now be performed to give

[Sx~I, = J dxSi(x)Sj(x) = Ax 2j 5,i, + 6 5i~j+l + 6 5i'j-1J
1SX~ij =-fo 366

[Hxli,j = dx Si(x) d 2 Sj(x) = -JfOdx2 f-

(21)

(22)

dSi dSj
dx dx dx

- -Ax ( 25ij - 6 - 5 i'j-1)
= -Ax V (AX)2J (23)

After Eqs. (22) and (23) are inserted in Eq. (20) (and the equivalent equation for
the second half of the ADI scheme), the sums are performed to give

(- ix) (ax)qlp + ( + 2i71x) (ax) (+1 +I - inx (ex)n+1
(6 q-1 'P § ~~q,p (6 Xq +,p

(~ 6 i71y )(ay)p _ + (2 .- 2iqy) (1y )" + (6 + inf) (y)np+

6 - i1y) ()p-1 + (13 + 2 i y) (ay) p2 + ( 6 _ iy) (,Y)q,p+1= ) (6 +1] qip 6 (i++)

= I+ifx) (a~x)n+1P + (-2-- 2 ifx) (ax)n + 1 + ( I+ i nx) (CXn+ 1

where

8
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(,x)n = E [S-IqQC2qp (26)

and

n= 2 [S;'Iq C.n (27)

and flx and By are defined just prior to Eq. (10). Equations (24) and (25) should be
compared with Eqs. (10) and (11) for the CDA transverse discretization. Note that the
algorithm is now in terms of coefficients (axy)n p inverse to the coefficients CgnpI Thus,
two additional steps are required in the elementary sequence described in Sec. 3. After
the fields (F (R, ye, z) are formed they are identified with the coefficients qp from Eq.
(12), since the solution is sought and data are sampled only at mesh points. Then the a
coefficients are formed via Eqs. (26) and (27). This proceeds rapidly, however, since the
S matrices are tridiagonal and rapidly inverted. After the new a's are determined by the
algorithm of Eq. (24) or (25) the C's are reconstructed by, for example,

Cn c= 21 [Sx eqx(aX)np

using Eq. (22). Again, the identification of the new fields (F (Z, Y, z) is made with the
new C coefficients at mesh points so that the fields Q4 can be reconstructed with the
inverse phase change -0.5 f gdz', as described in Sec. 3.

5. BOUNDARY VALUES

The problem has a line of symmetry for x = 0, y = (-Cc, +oo), that is, for the wind
along the y axis. The other boundaries are at y = +Co, all x; y = -o-, all x; and x = +-,
all y. Hence, we have nine regions, each of which must be handled differently. These
are listed in Table 1 and depicted in Fig. 1. These regions are identified in the Fortran
listing of subroutine ADVANCE (see Appendix).

Table 1
Nature of Regions Handled by PROP-I

Region Subscripts Nature
Rego I | J Ntr

I 2, NX-1 2, NY-1 No boundary, no symmetry
II 1 2, NY-1 x symmetry
III NX 2, NY-1 x boundary (+oc)
IV 2, NX-1 1 y boundary (-cc)
V 2, NX-1 NY y boundary (+cc)
VI 1 1 x symmetry, y boundary (-cc)
VII 1 NY x symmetry, y boundary (+cc)
VIII NX NY x boundary (+ -),y boundary (+cc)
IX NX 1 x boundary (+cc),y boundary (-cc)

9
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J= I
J=NX

X=O

J=I
J =l

Ir I iM

YE ly M

I=NX
J=NX

I=NX
J=l

Fig. 1-Nine regions handled by program PROP-I

6. DESCRIPTION OF PROP-I

The main program begins with a brief description of the objective of the program
itself. Further comment cards define the physical, mathematical, or numerical significance
of the Fortran names ascribed to the variables. Other definitions and units are listed in
Subroutine INPUT (see below). Since the comment cards in the listing provide very terse
definitions of the quantities involved, these are amplified in some measure here.

6.1. Common Arrays

In the computation, at each Z-plane, the values of various quantities at each point
in the grid spanning the area transverse to the beam are stored in common arrays. These
arrays are

CC: This array indicates changes in the index of refraction, that is, the value of the
entire coefficient of b4 in the nonlinear term of Eq. (5). (See Subroutine INDEX in the
appended Fortran listings.)

PLTGSN: This array calculates the parameter N of Gebhardt and Smith (7).

PLTRAT: This array stores the ratio of the average intensity inside the isophote of
the bloomed beam to that of the vacuum beam multiplied by the absorption factor a-az.
Isophote M is that contour whose irradiance is the peak irradiance of the beam multiplied
by p; g here is taken to be 0.2, 0.5, and 0.8. These values are plotted at the conclusion
of the calculation (see Graph 2) but printed out in tabular form at select ranges. (See
Subroutine OUTPUT and Subroutine Graph 2 in the Fortran listings.)

U, V: (, b , Z) u(Z y, Z) + iv(x,31,Z).

10
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6.2. Common Variables and Constants

Z2 ( )2
D: D (z) = ka 0 + (i )

FOCUS: -,I-.

HZ: The program equivalent of AZ.

HX: The program equivalent of AX.

HY: The program equivalent of Ay-.

IMAX and JMAX: Indexes (I, J) label the points in the arrays transverse to the
beam axis. I = 1, 2, ... , NX + 1, J = 1, 2, ... , NY + 1; (IMAX, JMAX) locates the point
in the grid at which the beam intensity reaches its peak.

NOUT: If NOUT = 1, the program will abort when Iff dRVd3lP12 - 11 < ECHNG; see
INPUT for ECHNG. If NOUT # 1, this option is not exercised, and the program will
continue to compute even though this relation ceases to be satisfied.

SUM: Pe-azff d~dyiP 12 = total integrated intensity at z.

WIDTH: The quantity aO.

W2: The quantity a0
2 .

2ZETA: The quantity z/kao .

Items listed in the main program but not discussed here are regarded as self-evident.

6.3. Subroutines

The main program functions as an executive routine, the detailed computations
being relegated to subroutines. Iteration in the Z variable is also done within the main
program as well as tests on whether or not energy is conserved to within prescribed tol-
erances (see NOUT, above).

Subroutine INPUT: This subroutine reads the input data cards; this listing contains
comment cards that explain the entries. Some added comments are appropriate here.

HX and HY correspond to A'Ž and Ay-. For Gaussian beams, HX, HY - 0.18 have
been found to be adequate for distortions that are not too severe; in the latter case,
more mesh points are needed (that is, larger NX, NY and, often, concomitantly
smaller values of HX and HY).

KQMAX determines the number of times detailed information on Ire,, (Ireillj etc.,
are printed.

11
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LPLOT: Group plotting means that the isoirradiance contour plots for six ranges
will be plotted on one sheet of plotting paper, to the same scale. Where many runs
are being done, this is a space-saving device. Sequential plotting means that the con-
tour plots (and others) are each plotted separately.

NFOCUS: When sequential plotting is used, plotting may be done at all ranges on
the same scale as at the aperture (nonfocused plotting) or magnified (focused
plotting).

ZT: For Z > ZT, the absorption coefficient is set equal to zero. This is useful for
comparisons with experiment and for theoretical study.

DIAM: DIAM = 2 V/25 is regarded as the diameter of the optics (even for an
infinite Gaussian beam). This is a definition, otherwise, of ao as it appears in the
theory.

THETA: For beams in atmosphere not parallel to the surface; read in degrees. (Ap-
propriate calculations of atmospheric variables as a function of altitude must be
added to Subroutine UPDATZ (see below) to use this angle.)

WN = k = 2ir/X.

Since the determination of the absorption coefficient through the specification of
P, PH20, and T by the code (see AHV and Subroutine SETUP) is not always con-
venient or appropriate, a set of options are allowed. These are provided for on Card 5
when the quantities 6, T connected with kinetic cooling in CO2 laser beams, total
absorption coefficient a, and dimensionless constant , may be separately specified,
replacing those calculated by the code from data on Cards 1-4.

INPUT: Prints the input data.

Subroutine SETUP: See listing.

Subroutine INITL: This subroutine calculates the real and imaginary part of the
beam amplitude at the aperture (Z = 0) for each point in the grid and stores the values
in the appropriate array. This subroutine needs the initial beam data provided by Sub-
routine VACAMP.

Subroutine VACAMP: This subroutine computes the vacuum beam everywhere; in
particular it is called upon by Subroutine INITL to set up the boundary conditions for
the problem. In addition, while Subroutine INTENS does not explicitly call upon Sub-
routine VACAMP for calculating the quantity VACINT, which is the intensity of the
vacuum beam corrected for absorption, it should be noted that in the present listing, Sub-
routine VACAMP and the computations for the table CONMIN assume the vacuum beam
to be Gaussian. For a non-Gaussian beam, the formula for U and V must be changed ac-
cordingly, or the entries be provided for in a table. In the latter case, the CONMIN table
should be removed, since it becomes meaningless, or corrected, if the vacuum beam at
non-zero values of Z is determined analytically.

12
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Subroutine ADVANCE: This is the ADI method, using CDA transverse discretization,
if NDIF = 0, otherwise the Galerkin method with linear splines.

Subroutine UPDATZ: See listing for comment cards.

Subroutine BOUNDS: Assign boundary values to U and V at the edges of the grid;
these are taken to be zero, except downwind. When the beam is sufficiently weak at
the boundaries, the calculation is insensitive to assigning boundary values of zero.

Subroutine SHIFT: See listing.

Subroutine FOLLOW: This subroutine displaces the values in the arrays for U and
V and intensity so as to keep the peak intensity point in the beam in the center of
the grid.

CAUTION: This subroutine is incorrect when an array has an explicit depend-
ence on the variable Y; this case occurs when kinetic cooling is present, that is,
8 * 0, r 0 0. However, it has been determined experimentally that r is
substantially smaller than had been thought (8). Therefore, for CO2 laser
beams, 8 has been consistently put equal to zero; for beams other than C0 2,
the kinetic cooling theory is inappropriate anyway, so again 8 is set equal to
zero. The subroutine, under these conditions, correctly shifts the arrays.

Subroutine INTENS: See comment cards in listing. Subroutine ITENS also prints
the array that compares intensities averaged over isoirradiance contours with the corre-
sponding vacuum beam quantities, the areas of these regions, etc. (See comments, above,
in Subroutine VACAMP.)

Subroutines GRAPH 1, GRAPH 2, TOPOGRAF, INFORMAT: See listing for
comments.

This program has been written to be used on the CDC 3800 at the Naval Research
Laboratory. The last four subroutines call upon software that will vary with the installation.

7. CONCLUSIONS

This report has presented in detail the development of an algorithm to advance
rapidly the solution of a partial differential equation which describes intense laser light
propagation in an absorbing medium. Two separate discretization schemes were discussed:
Central differencing and a Galerkin method with linear spline basis functions. The two
methods give essentially equivalent results for a wide range of cases of interest. The
Galerkin method has, in addition, the inherent ability to handle strong discontinuities in
the transverse distribution of the irradiance, such as would be produced by an aperture.
The effect of the Galerkin method with splines is to smooth out high frequency contri-
butions which tend to be amplified in the central difference approximation.
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PROGRAM PROP I

C****** *******.*********.****.** ***s***********,******.****,***

C PROGHAM PROP IS A TIREE DIMENSIONAL, TIME INDEPENDENT
C CODE DESCRIBING THE STEADY STATE PROPAGATION OF HIGH

C INTENSITY, UNPOLARIZEr MhN0CHROMATIC LIGHT IN A GASEOUS
C MEDIUM IN WHICH A WINr IS PRESENT, THE REAM CAN BE INITIALLY
C FOCUSSED OR CAN BE LALNCHED PARALLEL To THE Z AXIS
C THr INTENSITY OF THE LIGHT BEAM IS GREAT ENOUGH TO AL-
C TER THE DENSITY OF THE GAS THROUGH DIRECT HEATING AND THROUGH
C COOLING HY MEANS EF TFE VIBRATIONAL-TRANSLATIONAL TIME LAG, THE
C ALTERED DENSITY IMPLIES A CHANGE OF INDEX OF REFRACTION WHICH
C IN TURN ALTERS THE LIGHT PATH SINCE THE INDEX APPEARS AS A FACTOR
C IN THE WAVE EQUATION, FLRTHERMORE, SINCE THE INTENSITY DEPENDS ON
C THE SQUARE OF THE LIGFT APPLITUDE, THE PROBLEM IS NON-LINEAR,
C THE APPROPRIATE EQUATION IS THE SCALAR HELMHOLTZ EQUATION TMGE"
C THER WITH THE PARAXIAL (FRESNEL) APPROXIMATION WHICH STATES
C THAT THE SECOND DERIVATIVE OF THE AMPLITUDE WITH RESPECT TO Z
C IS MUCH LESS THAN WAVE NUSBER TIMES FIRST DERIVATIVE WITH
C RESPECT TO 7, THE RESULTING EQUATION IS PARABOLIC AND IS THERE,
C FORE UNI6UELY SOLVEr EY INITIAL DATA AT THE SOURCE PLANE, HENCE
C A MARCHING TECHNICUE IS USEC TO PROCEED FROM Z:O TO DISTANCES
C OF INTEREST (i To 10 KILeMETERS)

C COMMON ARRAYS

C CC INDEX OF REFRACTION CHANGES
C FORM. PRINTING STATEMENT FORMATS
C FORM2 PRINTING STATEMENT FORMATS
C PLTRAT RATIOS OF INTENSITY TO VACUUM INTENSITY FOR PLiTTiNG
C QI INTENSITY IN A TRANSVERSE PLANE AS A FUNCTION or
C XI ANr ETA
C QOMAX BEAM EEFLECTIONS
C GOMAX MAXIMLM INTENSITY VALUES
C TENS INTEGRATEr INTENSITY * CALCULATED AT EACH STEP
C UV REAL.IMAGINARY PARTS OF THE AMPLITUDE
C XT Z VALLES FOR PLOTTING OF TENS (IN KILOMETERS)
C ZI POINTS AT WHICH INTENSITY RATIOS ARE CALCULATED
C LM POINTS AT WHICH INTENSITY MAXIMA AND DEFLECTIONS
C ARE CALCULATEr ,,.,,,.,IN KILOMETERS

C COMMON VARIARLES AND CONSTANTS GENERATED BY THE PROGRAM

C AAA * INTEGRATION FACTOR, :HZ/(HX*HX)/16
C ALFCON * STORES INITIAL VALUE OF ALPHA
C ALFSUM a LOCATION FOR ALPHAINTEGRATION SUMMING DURING ZITERATtONS
C EBB a INTEGRATION FACTOR, =HZ/(HY*HY)/16
C BETAZ : SAVFS INITIAL VALLE OF BETA
C CZERO : STORES INITIAL VALUE OF C
C OLD - INTEGRATION FACTOR, :HZ/HX/i6
C EEE : INTEGRATICN FACTOR, =HZ/HY/16
C FOCUS : FACTOR FOR SHRINKING COORDINATE SYSTEM
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C HZV
C IMAX Al
C 10
C IT
C JCMAX
C JMAX
C Kd
C KKMAX
C KP
C NNPLOT
C NCUT
C NX1
C NX2
C NXY
C NYI

C NY2
C Pi
C PLTCAL
C ROZERS
C SlM
C SUM1
C TEMP
C WIDTH
C W2

C Z
C ZZ

* STORES INITIAL HZ VALUE
IL) 4MAX a INCICES eF LARGEST GICIgJ1) (PEAK INTENSITY)
i iNDEX FOR INTENSITY MAXIMUM (QOMAX)
* INDEX FOR TETAL INTEGRATED INTENSITY (TENS)

: PINLEX OF LARGEST CI(NXoJ) FOR GIVEN NX
(SEE IMAX)

r COUNIER TE EE TESTEC FOR SKIPPING PLOTS
: NUMBER OF STEPS BPTWEEN MAXIMUM INTENSITY CALCDLATIONS
COUNTER FER INTENSITY MAXIMUM CALCULATION

: NUMBER OF STEPS BEThEEN PLOTS
: ENERGY ASERT FLAG
* NUMBER OF CELLS IN XoDIRECTION

C CENTRAL MESH POINT IN X-DIRECTION
a COUNTS CALL TO TOPeCRAF
: NUMBER OF CELLS IN YaDIRECTION

* CENTRAL MESH POINT IN YrDIRECTION
' 3,1415926
5 GIVES PARAMETER PRINTOUT ON IST TOPMGRAF PLOT
: STORES INITIAL VALUE OF RO
TOTAL INTEGRATEr INTENSITY

* SAVES INITIAL SLM FOR SUM2 CALULATION
: AMBIENT TEMPERATURE IN DEGREES CENTIGRADE
* INITIAL RADIUS

I lNITIAL RADIUS SQLARED
: DISTANCE ALONG BEAM PATH IN KILOMETERS
• DISTANCE ALENG BEAM PATH (IN PROGRAM UNITS)

CeMMON /1/ CC(61s61).oI(61,61),U(61,61.2)eV(61l61,2)
COMMON /2/ FORM(12),FeRM2(2) PLTRAT(200,3) 0JMAX(200),QCMAX(20n) 

1 ZI(200biMC200)
COMMON /SINGLS/ AAA#ALFCENALFSLMIALPHAIBBBBETABETAZCCZERO'.D,

1 EDDDELTA, DAMEChNGDEEEFFLFOCUSGAMMAHXHyHZHZVHZXHZY,
2 IMAXpIOITPJCMAXI,;MAX# Kj,KKMAX,KP,KQMAXLPLOTNALPHNBETA,
3 NCONSNDELNCIFNNPLOT NeLTNPLOTNSTEPNTAUNXNXINX2,
4 NXYNY#NYINY2aOMEGAPDPH2OPIPLTCALPOWERQMAXREFRACROROZERe
5 ,STARTT,STOPPSUMSLMITAULTEMPTHETAVZEROW2,WIDTHWN#ZZETA.
6 ZT ZZ

COMMON/NNN/NFECUS

BANK.(QO) /1/

CALL INPUT
CALL SETUP
CALL INiTL I1)
CALL INTENS

C TEST FOR VACULM RLN
IF (BETA,E0,0) GO TO 1
GS TO 4

1 PLTCAL82
PRINT 2

2 FORMAT (2111H1THIS IS A VACUUM RUN
ALPHAUO1 0
DO 3 jm1,NX
DO 3 Jxj.NY

3 CC(CIJ) * 0
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4 CALL OUTPUT (1,041)

KP'KP-1
C PEGIN ITERATIONS IN 7

DEFL-U,
OCM:02
DE 8 JJ=1,NSTEP
NM0DzJj-((JJwj)/2)*2

C COUNT NUMBER OF ITERATIONS BETWEEN PLOTS WHILE IN PLOTTING AREA
IF (STAkTTLEZ ANDZ ,LE,STOPP) KJ=KJ*1
KP=KP+1

C FOR FINAL Z FORCE FLET AND MAXIMUM INTENSITY CALCULATION
IF(JJNLNSTEF) GO Te 41
KP:KKMAX
K4=NNPLUT

41 CONTINUt
CALL PHASL(1,%J)
CALL ADVANCE(NHOD)
CALL UPUATZ
CALL PHAsE(2,.J)
CALL INIENS
CALL FOLLOW(rEFL)
PRINT 100,01(1,NY2)P2

100 FGRMAT(* ON-AXIS INTENSITY x*sF15,11,. Z=*sF1Q,3#*KM*)

CALL OUTPUT (2,JJ,0)
IF(ABSF((SUMePOWEH)/POFER),LT,ECHNG) GO TO 11
NCUT.1
NXY=6
GE TO 6

il C6NTINUE

C TEST COUNTER FOR PLOTTING
IF iKJNE 1 NNPLOT) GO TE 7
CALL OUTPUTC3,JJ,2)

6 CALL GHAPH1(NFOCLS)
CALL OUTPUT (4,JJJ)
IF(NOUTEQ,1) GO TE 5

7 CALL SHIFI
8 CONTINUE

C Z ITERATIONS ARE FINISHEC, CO FINAL GRAPHS

9 CGNTINUE
CALL GRAPH2
CALL STWPPLOT

C PRINT INPUT CATA AND SELECTEC OUTPUT (IN DUPLICATE)
CALL FINALS

STOP
END
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SLBROUTINE INPUT

C DATA CAHDS READ SHEULD CENTAIN THE FOLLOWING

C CARD 1

C HX#HY#HZ STEP SIZES IN THE XsYrZ DIRECTIONS (DIMENSIMNLESS)
C DIAM FULL .ICTT OF INITIAL GAUSSIAN PROFILE
C OR DIAMETER (E**-2 POWER) OF APERTURE (CM)

C WN hAVE.NUMBER OF LIGHT SOURCE CCM-1)
C F FOCAL LENGTHi OF FOCUSSED BEAM (CM)

C iT EISTANCE (KM) AT WHICH INTERACTION STOPS,

C CARD 2

C NX NUMRf EF MESW PGINTS IN X nIRECTION

C NY NUMBER EF MESH POINTS IN Y nIRECTION

C NSTEP NUMBER OF ITERATIONS TO END OF RUN
C NPLOT NUMBER OF PLOTS
C KOMAX NUMBER OF MAX INTENSITY CALCULATIONS
C STARTT LISTANCE(IN KILOMETERS) AT WHICH PLOTTING STARTS
C ST@PP LISTANCE(IN KILOMETERS) AT. WHICH PLOTTING STOPS

C LPLOT * 0 FOR GREUP PLOTTING
C a I FOF SECUENTIAL PLOTTING

C NFOCUS *0 FOR FOCUSEC PLOTTING
C xI FOR NON-FiCUSSED PLOTTING
C NDIF * 0 FOR CENTRAL DIFFERENCE TRANSVERSE DISCRETIZATION

C r 1 FOR GALERKIN METHOD WITH LINEAR SPLINE BASIS FOR
C TRANSVERSE CISCFETIZATION

C CARD 3

C GAMMA RATIO OF SPECIFIC HEATS

C REFRAC VOLECLLAR REFRACTIVITY : 154 CM3/GMFOR AlRe AT iC,6
C MICRONS

C C VELOCITY EF SOUND CM/SEC
C VZtR[ IRANSVEFSE hIND VELOCITY (CM/SEC)
C POWER INPUT POWER IN WATTS
C IHETA ELEVATION ANGLE OF BEAM (DEGREES)

C CARD 4

C PH2C PARTIAL PRESSLRE OF WATER IN TORR

C P TOTAL AMBIENT PRESSURE IN TORR
C OMEGA SLUING RATE IN RADIANS/SEC

C ECHNG ABSOLUTE MAGNITUDE OF RELATIVE CHANGE OF INTEGRATED
C INTENSITY TO CAUSE RUN ABORT
C RO AMBIENT DENSITY# RHO (GM/CM3)
C TEMP AMBIENT TEMPERATURE IN DEGREES CENTIGRADE

C CARD 5

C NDEL SET x1 TO ENTER VALUE OF DELTA THAT FOLLOWS,
C DELTA CeOLING PARAMETER (DIMENSIONLESS)
C NTAU SET a1 TO ENTER VALUE OF TAU THAT FOLLOWS,
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C TAU NITROGEN V7T 4ELAXATION TIMF (SEC)
C NALPH SET s1 TO ENTER VALUE OF ALPHA THAT FOLLOWS,
C ALPHA TOTAL ABSORPTION COEFFICIENT (CM-1)
C NBETA SET x1 TO ENTER VALUE OF BETA THAT FBLLOWS,
C LETA FACTOR BEFORE INTEGRAL OF INTENSITY OVER WIND
C EIRECTION IN SUROtUTINE IND¢X (DIMENSIONLESS)

C CARD 6

C CASE LASER TYPE

COMMON /1/ CCC6I,61),QGI(6lt,6l)U(6161,2),V(6l,61,2)
COMMON /2/ FORMI(2),FORM2(2) PLTRAT(2OO3),QJMAX(200) QQMAx(200),

1 ZI(200),oMt200)
COMMON /SINGLS, AAAtALFCeN,ALFSUM#ALPHARBBahETABETAZpCCZERO3DI

I CDDDDELTADIAMECHNG EEEFFL,FeCUSGAMMAHX,HY,HZ#HZVHZXHZYt
2 IMAXr Ql T*JCMAX.%MAX, K4,KKMAXKPKQMAXLPLOTNALPHNBETiA
3 NCONSNDEL,NCIFNNPLOTNOLTNPLOTNSTEPNTAU.,MXNXINX2,
4 NXY,NYNY1,Ny2,s9MEGAPFFH2soPI PLTCALPOWERQMAXREFRACROROZERO
5 ,STARTTSTOPPSUMSUMI.TALTEMPTHETkVZEROW2,WIDTHWNZZETA,
6 ZT ZZ

CGMMON/NNN/NF6CUS
COMMON /TYPE/ CASE(4)

BANK,(0), /I/

READ 100pHX#HY#HZ#CIAM olNsFZT
100 FSRMAT(dE10.3)

JSEQ:MPRISEQ(1)
CALL DATE(MOMNIsIDAYoIYEAR#JULCAY)
PRINT 106lJSECMENTH,IrAY,IYEAR

101 FORMAT(* SEQUENCE *O4pEX#12*/*12*/*12/)

READ 200,NXNYNSTEPNFLPTKCMAXSTARTTSTOPPLPLOT#NFOCLJSNDIF
200 FORMAT(5152E10,3,lI5)

PRINT 20Q1HX#HY#HLDIAM sWNFo NXoNYNSTEP.NPLeT.KQMAXLPLOTNDIF
201 FCRMAT(4H HXvE12,5/4H HYzE12,5/4H HZ:E12,5/6H DIAM:E1265/

14H WNEE12 5/3H F*EI2,5/ 4H NXzI5/4H NYxl5/
17h NSTEP-=5/7H NPLET:I5/7H KCMAX:l5/7H LPLOT=I5/6H NDIFzl5//)

PRINT 202#STARTTiSTOPP
202 F6RMAT(19H PL6TTING STARTS ATF10,5,24H KILOMETERS AND STOPS AT,

IF1015111H KILOMETERS/)

READ 300,GAMMAREFFACCVZERC,POWERTHETA
300 FGRMAT(6E10,3)

PRINT 301,GAMMAREFRACCVZEROPOWER.THETA
ThETAxTHETA*t3,141592654/180, )

301 F6RMAT(!H GAMPA:E12,5/eH REFRACxE12,5/3H CxE12,5/
17H VZERO:E12,5/7H FPOERmE12,5//7H THETA;F12,5//)

READ 400,!H20jP,OMEGA#ECHNG#RO#TEMP
400 FGRMAT(6E10,3)

PRINT 401iPH2CsPsDEGAECHNG#ROTEMP
401 FORMAT(6H PH2exEl2,5/3H P=E12,5/7H eMEGAmEl2,5///s7H ECHNG:E12,5

1//* ROZeReu*Ei2,5//* TEMP:*E12,5//)

21



PETER B. ULRICH

READ 500,NDELUDELTA NTAUTAU.NALPHALPHANRETAbFTA
500 FERMAT(4(15,E1O,3))

READ 600(CASE(I)slzl#4)
600 FSRMATt4Ab)

PRINT 601p CASE
601 FGRMAT(14H LASER TYPEI #4A8)

RETURN
END
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SLBROUTINE SETUP

C SET FLAUS# COUNTERS, INDICES, CONSTANTS, AND STEP SIZES -

COMMON /1/ CC(61.61) Q1(61,61 ) U(61#61,2),V(61,61i2) U
COMMON /2/ FeRM1(2),FORM2(2),PLTRAT(2O?03)DQJMAX(200)ooQQMAx(200)O

1 ZI(200)oZM(200)
COMMON /SINGLS/ AAAALFCENALFSUMALPHA.OBBBETABETAZCCZEReD,

1 DDD.DELTADIAMECHNG ,EEEFFLFOCUSGAMMAHXHYHZHZV#HZXaHZY,
2 IMAX#IQ#iTmJCMAX,.MAXp KJKKMAXKPKQMAXLPLOTNALPHNBETA,
3 NCeNSNDELNCIFNNPLOTNOUTNPL.OTNSTEP,NTAU,NXNX(1NX2,
4 NXYNYpNYlINY2,OMEGAFPH2OPI PLTCAL*PMWERoOMAXREFRACRMROZERO
5 pSTARTTSTOPPFSUMSUMI TALTEMPTHETA'VZEROW2,WIDTHWNZZETA,
6 ZTZZ
COMMON/A8C/A(61).o(61),E(61)
DATA 5A:61(,166666)), (E61(,6666666) )(Eu6i(,1666666))

TYPE INTEUER FeRM1, FOFM2

C PARRAY PROVICES WORKING LOCATIONS FOR SYSTEM PLOTTING ROUTINES
DIMENSIUN PARFAYtlCOC)

PANK,(0X, /I/

C INITIALIZE SYSTEM PLOTTER
CALL PLUTS(PARRAY.1000,1)

P1=3,1415926

ZETA-0,

D:1J
FOCUS:21
IT:1
I C:1I
NXY3a.
NCUTi6i0
H.Z V HZ
CZEROmC
RGZERo:R0
KPFKKMAX
NX1:NX-1
NY1NY-1
NX2:NX/2+1
NY2:NY/2+1
KKMAXX(NSTEPNKCMAX)/XQMAX+1
WIDTH=DlAM/(2.0*SGFT(2.0!)
W2:WIUTH*WIDTH
FL=F/100000,
Hh:HZ*W2*WN/lj00000
PLTCAL1,

NNPLOT:NSTEP/(NPLOT-il>-
IFCSTARTTIGT,0,D) KNPLET:((STSPP"STARTT)/HH)/(NPLOT-i)-1
K.:=NNPLOT -1
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CALL PLOT(,8,0,,3)

C CALCULATE COOLING FARAPETERS IF NOT READ IN

C ALPHA2 ABSORPTION COEFFICIENT OF C02

ALPHAZ 
1 0,00144*((295,/(273,0+TEPP))**1,5)*((10,)**(-970.0/(TEMP.273,)))

IF (NTAUbQj) GO TO I
TAU-11 /(30,0*38,0*PH2O)

I IF (NALPHIEQ,1) GO TO 2
ALPHA:(4,32EqOll)*PH2O*(P+193,*PH20) + ALPHA2

2 IF (NUELE:01) GO TO 3
DELTA*(ALPHA2/ALPhA)*2,44

3 PRINT 4, TAU#ALPHAALPHA2orELTA
4 F$RMAT(;H TAU=EI2#5/7H ALPHA:EI2.5/8H ALPHA2=EI2,5/7H DELTAzEl,,5)

C CALCULATE BETA

IF (NBETA 1EQ,1) GO TO 11
BETA aCUAMMAel,)*ALPHA*REFRAC*3,*POWER*(i,0E+007)*WIDTH*WN*WN
1/(CC*VZERO)

11 PRINT 12, BETA
12 FORMAT (6H BETAm E12,5///)

BETAZsBETA

C CALCULATE POSITION ANr SIZE OF VACUUM BEAM WAIST,
C AND SIZE-OF BEAM AT FECAL POINT

ZWAISToF/(I,*F*F/CiN*WN*W2*W2))
DWAISTxCZWAIST/(WN*W2))**2,*(1,UZWAIST/F)*(tl.ZWAIST/F)
CFz(F/(WN*W2) )*2,
PRINT 50,ZWAIST.DWAIST#DF

50 FCRMAT(* ZWAISTs*Ei2,5/* D(WAIST):*Ei2,5/* D(F)=*E12,5/)

C SUPPLY TWO PRINTING FORMATS

FCRMl(t)z 8H(40(iXi
FSRMI(2): 3H2))
FGRM2(i). 8H(17C1XF
FORM2(2)z 5H6,3))

14 RETURN
END
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SUBROUTINE UPLATZ

C UPDATE I NOR EACH ITERATION

COMMON /1/ CC(61a61)01Q(6l,61),U(611 61a2),VC61,61.a2)
COMMON /2/ FORMI(2)#FORM2(2),FLTRAT(20013) QJMAXC200) CCMAX(200),

1 ZI(200)sZM(200)
COMMON /SINGLS/ AAAALFCeN,ALFSQMALPHAB8RBETAaBETAZCCZEROaD,

I DDDDELTADIAMECHNG,EEE,FFL,FOCUS,GAMMA,HXHY,HZHZVlWZXHZY,
2 IMAX#IQ, TJCMAX,,MAX, MXJKKMAXKPKQMAXLPLOTaNALPHNBETA,
3 NCONSaNDELNLIF ,NNPLT ,hOLTNPLOTNSTEPNTAU,NX,NX1,NX2'
4 NXYNYNYlaNY2aOMEGFPaFH26PIl PLTCA4aPOWERQMAXREFRACROROZERe
5 ,STARTTSTOPF,SUMaSUMIgTAUTEMPaTHETAsVZERepW2,WIDTHeWN#ZaZETAI
6 ZTZZ

BANK,(0), /1/

ZZUZZ+Ht
FHATxF/(WN*W2)
ZETAX:TANF(ZZ-ATANF(hN*W2/F))WN*W2/F)/(1l+WN*WN*W2*W2/(F*F))
ZXZETA*WN*W2/100000 a
Z1:1,"100000,*Z/F
D=ZETA*ZETA*Z1*Zi
FSCUSuSLRTF(C)

C CALCULATE PRESSURES AND TEMPERATURES FOR SLANT REAM PATH

IF (THETA 1 EQ,0,0) GO TO 2
HEIGHTnZ *SINF(THETA)
PP:P*EXPFF("0 ,3HEIGHT)
PPH2SOPH2O*EXPF(v,54*HEIGHT)
T=2901 0-615*HEIGHT
ALPHA201,44E-3.t(255,0/T)**1,5)*( 10,o0)**.(9701/T)
ALPHAU4132E-11*PPH2O (PPi193, o*PPH2O)VALPHA2
R6 2 ROZERC.o,11E,3.HEIGHT
CxCZERO'400,o*HEIG0T
DELTAu(ALPHA2/ALPHA)V2,44
TAU-,l/(11,45*1,11E*4*PPH2e/PP)*CPP/T))

2 CONTINUE

C TEST FOR END EF INTERACTION
IF(ZLTZt) GO TB 4
BETA a 0
ALPHA40,
DO 3 ulxlNX
DO 3 4J1#NY

3 CC(I..J)30 1 0

4 RETURN
END
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SURR(OUTINE HrLNDS(XK)

C ASSIGN HOUNCARY VALUES

COMMON /1/ CC(61#61),QI61a61 ) U(61#61#2) V(61e61a2)
COMMON /2/ FORMIC2) aFORM2(2) PLTRAT(2O03) QJMAX(200) QQMAX(200)t

I ZI(200)#ZM(200)
COMMON /SINGLS/ AAA#ALFCCNALFSUMALPHA,RBR,BETABETAZCaCZEROaD,

1 CDDDELTA,DIAM,EC~hNG,EEE,F,FL#FSCUS,GAMMA,HX,HY,HZ,HZV.wZXHZY.
2 IMAXoIU#!T.JCMAX.MAX, K.,KKMAXKPKQMAXLPLOTNALPHuNBETAa
3 NCONS,NDELNCIFNNPLOTNOUTNPLOT NSTEPaNTAU#NXNX1INX2'
4 NXYNYNYljNY2,aOEGAF PH2aPI tPL CAL#POWERQMAXREFRACRMROZERO
5 *STARTT ,STOPF ASUMSLMIPTALaTEMP.THETAaVZEROW2aWIDTHWNIZaZETAU
6 ZTfZZ

RANKs(0), /1/

Yz(NY2-.)*HY
DO 1 Ix1,NX

U IaNY,pKK)v,
V(INYoKK) o
01(I ,NY)=O,
CCC I ,NY)=o,
CeCNT I NUE
CO 2 Iu1,NX
V (1,1 KK )zu,
UC I pKK)mo,
CC( I I 1K) a G
01(111) Q~t

2 CONTINUE
DO 3 Jm1,NY
U(NX , KKIzo
V(NX#J#KK)zs
CCCNX#J)=O,
GI(NX#J)=On

3 CONTINUE

RETURN
END
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SLRROUTINb SHIFT
COMMON /i/ CC(61e61),QI 61,61).UC61#61.2),V(61,612)
COMMON /21 FeRMj(2)#FOFM2(2) PLTRAT(200.3) QJMAX(200) QQMAX(200) 

1 21200)#ZM(200)
COMMON /SINGLS/ AAA ALFCeNALFSUM#ALPHA.BBtBETA BETAZPC'CZEROtDo

1 CDDDELTADIAMaECHNGEEEaF FLeFeCUSaGAMMAaHXHYaHZHZViHZX.HZY,
2 IMAX, ItT#JCMAXajMAX, KJKKMAXKP.KQMAXLPLOT.NALPHNBETA#
3 NCONS.NDEU,NEIFNNPLOT aOLTNPLOTNSTEP.NTAU NX*NXjNX2a
4 NXYNYeNYI,NY2,OMEGAFePH2OePI PLTCALPGWERQMAXREFRACRORGZERe
5 ,STARTT.STOPPSUM, SUMSiTALTEMPTWETAVZERe,W2.WIDTHWNZ'.ZETA,
6 ZTPZZ

BANKCO), /1/

C SHIFT ALL STORED AMPLITUDES BACK ONE LOCATION IN Z BEFORE
C PROCkEUING TO NEW Z-PeINT

DO I 1x1,NX
DC I JU1,NY

V (I ,J, j. I :V(, ~a2)
CONTINUE

RETURN
END
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FUNCTION VACAMP(XYN,)
COMMON /I/ CC(6a6 1 )OI (61a61)aUC6it61a2),V(61#a61a2)
CEMMON /2/ FORM1(2).FORM2(2)#PLTRAT(200a3),QJMAX(200) QQMAX(200)a

I ZI(200),ZM(200)
COMMON /SINGLS/ AAA ALFCONaALFSUMaALPHAOBBBRETAaBETAZCoC7EROaD
I DDDaDELTA#DIAMECHNGrEEE6F FLFeCUSGAMMA.HXHYPHZHZVoWZXHZY.
2 IMAX IUITJCMAXa:hMAX, KJKKMAXKPKQMAX,LPLOTNALPH#NBETA#
3 NCONSa NDELa NC IF a NNPLOT , NOUTNPLOT, NSTEP, NTAU, NXa NXIa NX2'
4 NXYNYN¶INY2aOMEGAPFPH2EoPI PLTCALPOWERQMAXREFRACRmRoZERO
5 ,STARTTSTOPP.SUMSLMITALaTEMPTHETA,VZERO,W2,WIDTHWN,Z,ZETA,
6 ZTaZZ -

BANK,(0), /1/

ARG UEXPFF(,5*(X*X*Y*Y))/SCRTF(PI)
GO To (182) N

1 VACAMPzARG
GO TO lO0

2 VACAMPsO,
100 CENTINUE

END
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FUNCTION eRF(AN) , '>
CEMMON /S1NGLS/ AAA ,ALFCeNALFSU1M ALPHARF8, RETAHETAZCCZERGO.I)

1 DDDaUELTAaDIAMaECHNG EEEF ,FLaF6CUSaGAMMAaHXHYHZRZVHZXHZY-
2 IMAX, IUJ ITeJCMAXaSMAX, Kw.Kl<MAXPPKQMAXLPLOTNALPHNBETA#
3 NCONSNDELaNE IF ,NNPLOTNOUT aNPLOT.NSTEPNTAU#NX.NXI.NX2' rr
4 NXYaNYNYIaNY2,OMEGAFPH2?Go FtPLTCALPOWERQMAX#REFRACtROROZERO c
5 .STAMTT ,STBPF SUM, SLM1,TAL TEMPaTHETAaVZERONW2WIDTHPWNaZeZETA,
6 ZT#ZZ
GO TO (10#20) N

10 ERFI °I 
GO To too

20 ERFiHZ/tHX*HX)
100 RETURN

END
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S9RHOUTINE AEVANCE(N)
COMMON /1/ CC(61,61),QI(61.61)aU(61a61e2)V(61a61a2)
COMMON /2/ FhM1(2),FOCM2(2)oPLTRAT(200a3),QJMAX(200)QQMAX(200)s

1 ZIC200)#/M(?oo)
COMMON /SINGLS/ AAAaALFCONALFSUMpALPHAa3BBBETA,BETAZeCaCZEROSDa

1 CDU.UFLTADIAMr ECkNGEEEF#FLFOCUSGAMMA#HX.HYHZHZVpHZX#HZY#
2 lMAX, ICl, ITsCMAX# MAX, KIl,KKMAXaKPKQHAXaLPLOTNALPHuNBETA#
3 NCGNSaNDtL<,>LIFaNNPLBTNOU5T NPLOTaNSTEP#NTAlJNXNXINX2'
4 NXYNYNi1,NY2,OMEGA ,T ,PH2O.PI ,PLTCALPOWERQMAXREFRACROROZERO
5 ,STARTTST0PF aSUMa SLMl TALC TEMP, THETAVZERo.W2,WIDTHWN',ZZETA,
6 ZT ZZ
COMMON/A8C/A (6j) aB 61)6,EE(61)
COMMON/XY/DEF
DIMENSION CSR(61),CSl(61)#rSR(6±1)DSl(61)
rIMENSIWN DU(61j) V(6j)
TYPE REAL IMMYjalMNYIMVNX

BANK,(0) /1/

NXll=NXl-l
NY11=NYl-l
Y:=HY*(NYV23) DEF
REMY1zEHF Y.1)
Y:HY*(NY2-1)*LEF
REMNY:ERF(Y,1)
X:HX*(NX-11)
REMNX:ESF(Xti)

GO TO (100,200) N
100 CONTINUE

IMMNXtERF(X,2)
JPyMNY-LtRF(Yo2)
IMMYj:-ERF Y,2)
CRYzCRXzARVYARX. ,/6,
IF(NDIFIEW,0) CRY:CRX:ARYzARX:0,0
BRYVBRX221 /3,
IF(NDIFEO,0) BRY:ERX:1t0
CIY:AlY-HZ/(2,*HY*HY)
CIX:AIX=-HZ/(2,*HX.HX)
PIY:-HZ/zHV*HY y
PIX:HZ/(HX-HX)

C*******.**************.**************************

IF(NDIFIEO,0) GO TE 2003
F()=l2,/6
DO 2001 I:1,NX
DO 2000 J:1,NY
DUC4):UC 1,4.1)

2000 CV(4):VCI1,.1)
CALL MXTRID(NY.DU)
CALL MXTRID(NYDV)
DO 20o2 Js1,NY
uC (1#J 1 )=UU(J)
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2002 Vt I pJ,1 =UDVC4)
2001 CENTINUE
2003 CENTINUE
Ca************

C THIS IS REGIEN ***VI*** Jz1,1:1

DlR:REMY1*U Cia1,1)-iMMYI*V(1all)CRY*U(1#2.,1)-CIY*Vli2a2.
rll;IMMYj*Usjalgl~)REMYI*V(jaljl)+CIY*U(je2,j)*CRY*V(lj2aj)
BRIX=1,/(URX*ERX+BIX*BIX)
CSICI)z2,*(CIX*BRX-CRX*BIX)*ERIX
CSRCI)21,*(CRXaBRXaCIX*BIX)*BRIX
DSR(1)2CDlR*BRX+Dll2EIYX)*BIX
DSIC1)u CDli *8RXwD1R*EIX ) aBRIX

C THIS IS REGION ***IV*** J:loI:22NX1

De 2 IslNXIl
P:8RX-ARX*CSRCI) AlX*C51(1)
G:BIX-AIX*CSRCI) ARX*CSI(I)
PC:1,/CPa**Q*C)
DiP1R:REMY2*U(Iilaisi)-IVMYMl*V(Iaalola)+CRY*UCI,¶a2,±)
1uCIY*V(1+1#2,1)
rIPlIsIMMYI*U(I*l.ll).REMY1*V(I*1,1,1)+CIl*U(I+1a29 1)
1*CRY*V(1+1#2a1)
RuDIP1ReAIX*CSICI )ARX*DSR(I)
S=DIPlI-AIX*rSR(I)-ARX*DSICI)
CSR(,11)=(CRX*P+CIX*C)*PG
CSIC1*1)=:CIX*P.CRX*C)*PC
DSRtI*)z(R*P*S*Q)*PC
DSII1+i)=(S*P-R*O)*PC

2 CENTINUE

C*************

C THIS IS REGICN ***IX*** J=.l1=NX
PNXR:REMYi*Ut(NX#lal)"IMMY1*V(NXpiol.+QRY*UCNXe2a1)C!Y*VCNXa2ai)
CNXI:IMMY1*UtNXeisai+REMYI*V(NXel.al)+CIY*U(NX,2,1)aCRY*VCNXa2#a)
P:REMNX+AIX*CSICNXIlvAFX*CSR(NX2)
0:2MMNX.AIX*CSR(NXJ)"AfX*CSI(NX1)
PQalw/*PPOQaC)
R:DNXRaAIX*DSI NXl)-ARX*CSR NXj)
S:DNXI-AIX*DSR(NX1)VARX*DSI(NXI)

DUCNX)a(R*P*S*C)*PQ
DVCNX)xtS*FwR*C)*PQ

DO 3 I11NX1
NN=NX-I
DU(NN)mUSR(NN)-CSR(NN)*DL(NN*1)*CSI(NN)*DV(NN+I)
DV(NN):USI(NN)-CSI(NN)*DL(NNa1l)CSR(NN)*nV(NN+I)

3 CONTINUE
IF(NDIFEQ,1) Ge TO 2004
DO 2005 I:2,NXl
U(Iol 2)zDU(I)

2005 V(1,1,2):DVtI)
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GE TO 200U

2004 CENTINUt
U(1,1,2)1'66666e*aL1l),,333333*DU(2)
V(1,1,2)=:666666*LV(.)41333333*DV(2)
EC 33 12,NXI

UCI 1#2)=:i666666*U( 1I)1+,666666*DU(I)., 666666*DU(I+)
33 V(Iu1,2)=t2666666*tVl-I1)..666666*DV(I )a,66666*DVCt1l)
2006 CGNTINUt

C*************

C THIS IS REGIEN ***II*** J42#NYI , 11
CO 20 J=2#NY1
DIR=AHY*U(1,J-1,1 i)BRY*U I Jl)+CRYVU 1,J+l1l)

D1I:ARY*VtVJ-1,i)*BfY*VCaJl)VCRY*V(1,J4ill)

DSR(j)sCDjR*9RX+DD*EINX*8)RIX
DSI(11)(DI*9FiX.D1jF*aIY)*BRIX

Ca*****aa******

C THIS IS REGIeN ***I**** J=2aNyla 1u2,NXi

DO 21 Iv1,NXI1
P:8RX-AHX*CSR(C)+AIXsCSI I)
a-BIX-AIX*CSR(CI)ARX*CSICI)
PC:1,/CPaPaQaC )
CIPiRxANY*UCI*i,J ,Il)4BRY*U( I+lJ4 ))*CRY*U(aU 1 J*.1 )
"A IY*V CI '14la lr )-E IY*V ( l+,4,1 ).CsY*v (I ,J'i. j)
DIP1luAHY*VaVCaJ-.ol)*BRY*V(IaltJal)+CRY*V(I+1,J+1.,)
1aAIY*U( I2, J'1al) EIY*L( 141,,1)*CIY*UC 1+1.J~lj
R:DIP1R+AIX*CSICI -ARX*DSR(I)
S=DIPllIAIX*CSR(I)wAFX*DSI(I)
CSRCI+j)=(CRX*P+CIX$C)*PC
CSI(I+i)=(CIX*PCRX*C)*PC
DSR(C 1)=CR*P4S*Q)*PC
rSIlCI.):(S*P-R*Q)*PC

21 CVNTINUE

C THIS IS REGION ***III*** Jc2sNY1a IxNX

rNXR:ARY*U(N)(a4J.ll)aBRY*U(NXJl)*CRY*U(NXoJals1)
1-AIY*V(NXJ-1l1)vBIY*V(NXJl)-CIY*V(NXaJ+1,l)

ONXI=ARY*V(NX.J-l1l),BRY*V(NX,4,1)*CRY*V(NX,J+1,1)
1+AIY*U(NX J-,1l)BI6Y*UCNX,,Jl) CIY*U(hNXJlIo)
P:REMNX+AIX*CSI NX1)-ARX*CSR(NX1)
C:IMMNX-AIX*CSR(NXI)-ARX*CSI(NXI)
PC:1 , / ( FPap*C )
R=DNXRAlX*DSI(NX2l)-ARX*rSRt(X1)
S=DNXI-AIX*DSR(NXl)-ARX*rSI(NX1)

DU(NX)=(R*FPS*C)*FQ
DV(NX)Z(S*F"R*C)*FP

DE So I:1,NX,
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NNzNX-I
DU(NN)wDSR(NN)mCSR(NN)*DU(NN.l)*CSlCNN)*aDV(NN+l)
DV(NN)UDSIUNN)-CSI(NN)*DL(NN*1V.CSR(NN)*DV(NN+1) -

30 CONTINUE
IF(NDIFtEQ.1) GE TO 2007 rs
DO 2008 IiI5NX1
U(IPJ#2)=UU(I)

2008 V(IpJo2)zDVCI)
GE TO 2009

2007 CONTINUL
U(IJ42):i333333*DU(2)*,666666*DU(1)
V(1,J.2)2i333333*DV(2)aa666666*DV~l)
DO 34 1u2,NXl
V(I J,2)*il666666*DU(tl1)+,666666*DUCI). 1666666*DUCI i)
VlIJt2)zil.666666*DVt1 1)+;666666*DVCI)*,1666666*DVCI+1)

34 CONTINUE
2009 C¢NTINl!E
20 CNT INUE
Caaaaaa**a*a**

C THIS IS REGION ***VII*** J:NY. 1 1

DlR;REMNY*U(lINYal).IMMNY*VCINY#l)*AHY*U(IaNYolil)
-.WAIY*V(lNYVlil)
DOllIMMNY*U(l.NYa1)RFE NY*V(1,NYI)* AIY*V (1 JN YV",j)

l*ARY*VC(1NY-l*1)
flSI(l.)F C D2.IBRX.D2.RaE X )aBR IX
DSRCI)U {D2RaRXaD1IaE IX ) ER IX

Ca aa a aa** a*a**

C THIS IS REGICN ***V**** JqNY# I:2,NXJ

DO 40 I1alNXlI

P:BRX*ARX*CSR(I)*AIX*CSI(I)
0OBIX-AIX*CSR(I)vARXaCSI(I)

D|PlRUREMNY*DaUI*l.NYu1)tIMPNY*V(14l.NYl)+ARY*U(lajaNY-lal)
ioAIY*VG liNY--ilf
DIP1luIMMNY*UCI,1aNY1l)+REMNY*V(I+1aNYaa)+AIY*UCIaiaNY-ll)

i*ARY*V(I*loNY-1,l)
R:DIP2R+AIXaD5I CI )AFX*DSR( I)

S:DIPII"AIX*DSR( I ).AFX*DSI CI)

CSRCI.1):CCRX*P*CIX*C)*PC
CSICI+1):(CIX#P.CRX*C)*PC
DSR(11)=(R*P*S*Q)*PC
DSI(I+.1V)S*P-RsQ)aPC

40 CONTINUE

C*a***********

C THIS IS REGIEN aaVIIIa*a JENY# I:NX

DNXR:REMNY*U(NXaNYVl )-IMMNY*V(NXNyt1)*ARY*U(NX,NYVil)
lvAIY*V(NX#NYlVl)

DNXI. MMNY*U(NXNYI)+fREMNY*V(NX NYo1) AIY*U(NX,NYVii)
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1*ARY*V(NXaNYl l)
PaREMNX+AIX*CSI(NXIl.ARX*CSR (NX1
QSIMMNXWAIX*CSR(NXI)-ARX*CSI(NX1)
PCG1./(P*P*Q*C)
R:DNXH+AIX*DSI(NX.v.ARX* SR(NXI)
S:DNXI-AIXaDSRCNXI)VARX*DSI(NXI)

DU(NX)PCR*P*S*C)*PC
DVCNX)x(S*PvR*C)*PC

DE 50 lplNXI
NNaNX-I
DU(NN)aUSR(NN).CSR(NN)*DL(NN,1)+CSI(NN)*DV(NN+.)
DV(NN)xDSI(NN)*CSI(NN)*Dl(NN*l)wCSRCNN)*aV(NN+a)

50 CONTINUE
IFCNDIF 1 EQl) GO TO 2010
DO 2011 Iu1,NXI
U(C1,NY2)8DU(I)

20±1 VCINYo2)NDVCl)
G6 TO 2012

2010 CONTINUE
UVlNYV, ) ,333333*DtU2)+,666666*DUtl)

jNV.2)0a333333*EV(2) ,666666*DVtl)
DO 35 182*NX1
U(CINro2)a51666666*DU(1V)+,666666*DU(I)a*,6666666*DUCI+i)
V(INY,2)uj666666*DVCI-1)4,666666*DV(I)+,16666666aDV(Ia±)

35 CONTINUE
2012 CONTINUE

GO TO 1000
200 CONTINUE

Ca*******************CONSTANTS******************

IMMNXzPLRF Xs2)
IMMNYERF(Y.2)
jMMYl1EHF(Y,2)
CRY;CRXxARY:ARXx1o/6,
IF(NDIFIEGO) CRYmCRXxARY:ARXc0,0
BRYuBRX224/3,
IF(NDlFEQo) BRYaeRXxllo
CIYUAIVY-HZ/(2,*HY*Hy)
CIXxAIXU HZ/C2,*HX*HX)
BIYZ HZ/(HYaHY)
BIXZ-HZ/(HX*HX)

IF(NDIFEQ,0) GO TO 3003
E(CiV1,/31
De 3001 i21,NY
DE 3000 11,NX

3000 )EVCI.J,1)
CALL MXTRIDCNXDU)
CALL MXTRID(NXDV)
DO 3002 Ix#NX
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U C 10 ).UUMI)
3002 VCI4,I.)=UV(I)
3001 CCNTINUE
3003 CONTINUL
C**********a***

C THIS IS REGION ***VI*** llst. 4zl

Dl R R3X*aUe Is 1 .1 )*2, *CR IN 2o a i I) BRIX*V a Ci' 2..1)2, aCIX*V( 2. I12

RR=REMYV*aEMY1+IMMYI*2 IMY1
CSR(I)5(CCY*REMYI*CIY*IMMYI)/RR
CSIt1)=(CIY*REMYlvCRY*IMMVY)/RR
DSR(1)a(DlR*REMYlrlVI*lMMYi)/RR
0SI1()z(DlIaREMYl.Cjf*IMPMYl)/RR

C**************

C THIS IS REGION **aIa*** 1:1, Ju2oNYI

DO 500 4zloNYll
P:BRY-AkY*CSR(J)+AIY*CSI(J)
G:BIY-ARY*CSI(j),AIY*CSRCJ)
PGCal/(F*P+Q*G)
D4 P±R28kX*U(Iaj*ill).BIX*V~l,4+l.1)+2s*CRX*U(2aJ*a1a1-2a*CIXaVC2#
lJ+lpi)

D4PllUBIX*Utl#J*lIl)4BSX*VXl*,sjlV l)*2l*CIX*U(2CJ*lIl)*2,aCRX*V(2'
li+lull
R:DJP2RvAHY*D5R(J)*AIY*DSIJ)
S:DJPlI-AIYaDSR(J).ARY*DSI(J)
CSRiJ+l)=tCRY*PCIY*C)*PG
CSI(J+4l.(CIY*PaCRY*ac*PC
DSRtJ+e)=(RaPa*SQ)*PC
DSI(J+l)=(S*P-R*Q)*PC

500 CGNTINUE

Caaaaaaa*a*a***

C THIS IS REGION ***Vll*** 151a J=NY

DNYR:BRX*UaNYal.a).BIX*V(1,NVI)*2,*CRX*U(2,NYai)V2,*CIXaVC2PNY.l)
DNYI=BIX*UCleNY#l) BRX*V C1NY,1)*2,*CIX*tlJ2aNY1)1+2,*CRX*VC2aNYaI)
P=REMNY-ARkY*CSR(NYI)AIY*CSI(NYl)
0:IMMNY-ARY*CSICNYI)- AIY*CSR(NYI)
PC-1, / (P*P *QC )
R DNYR-AR'*DSR(NV) +AIY*DSI(NYi)
S:DNYI-ARYaDSI(Nyl)"AIY*DSR(NYI)

DUCNY*)CR*FPS*C)*PQ
DVCNY)2CS*P-R*C)*Pa

DS 334 J4loNYI
NN=NY-J
DULNN):USH(NN)-CSR(Nh)*DCNNal.)*CSI(NN)*DVCNN*l)
DVCNN)sUSI(NN)-CSICNN)*DU(CNN*la CSRCNN)*DV(NN.1)

334 CONTINUE

IFCNDIFEU,2) GO Te 3004
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DO 3005 J:1,oYi
L(iCJ,2)=UU(4)

3005 V(1,J,2):UV(4)
GO TO 3U06

3004 CONTINUE
U(1 i,2):,166666*D0(2)a,666666*DU(1)
V(1,i,2)z1166666*DV(2).,666666*DVi)
DO 36 J=l1Nyl
U (1J42)m '1666666*EU CJ41)+a666666*DUlJ)*,1666666*DU(J+i)
VtI,4,2)= 11666666*rCV4I1)+,666666aDV(J)a,1666666*DV(J+1)

36 CONTINUE
3006 CCNtINUtE
Caaaaaaaaaaaaaa

C THIb IS REGION **aIV*** ;2,1NX1# Jai

DO 4 l32oNX1
DIR:ARX*U(C I. lll) AIX*V(CIt1,11)

l*6RX*U(I~lol)-8IX*M~litl)
2+CRX*U(I+ltlol)-CIX*V(I+Iloll)

DCI AIX*UCI -.l1,l)+AR X*V (I - lll)
±+BIX*UI(I. .1)BRX*VC1,1.i)
2+CIX*UCI+il)#CRX*VCI+lali)
DSR(j)z(DjR*PREMYV+rI*IMMYV)/RR
DSl()C(DlI*REMYl-riF*iMMyi)/RR

Caaaaaaaaaaaaaa

C THIS IS REGION ***I*** 12,NXI# Jm2,NYi

DO 5 J4zlNYIlI
P:BRY-AHY*CSRCJ)+ATY*CEI(J)
0:BIYAHY*CSICJ)-AIY*CSR(4)
PQ:l,/(PaPaOaG)
D4P1RUAHX*UCI-iaJ*Itl)lAIX*VI.1lJ*ll)
a.+BRXaUC" tJaala1)^RIXaVCI,4Giai)
2*CRX*fi(lvij~ltl)"ClX*V(lvlw4+ltl)-
D4JP1IcAIX*UII-lJ 4, l)*ARX*V( I"rJ*l1l)
1+8IX*UCI#.,J.,)+BRX*V( I, l,1)
2*CIX*UC'la isJ*ll)*CRX*VC +I#44*ieI)
R:DJPlR.AHY*CSR(J),AIY*DSI(J)
S:DJP1IvAIY*DSR(J)"AFY*DSI(J)
CSR(J+1)=CCRY*P+CIY*C)*PC
CSI(J+l):(CIY*P-CRY*C)*Po
DSR(J+l):(R*P+S*Q)*PC
DSI(4+1):CS*P-RRO)*PC

5 CONTINUE

Caaaaaaaaaa**a*

C THIS IS REGION ***V*** 1x2#NXI* JaNY

DNYR=ARX*U(I*1,NYal).AIXaV(I-1aNyVi)
1aBRX*UCINYal)-BlX*V(INYl)
2aCRX*UC 1.1,NY1)-CCIX*V( l1.1NY1i)
CNYI:AIX*UCI-alNYVi) ARX*V( I-lNYo )
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l*BIX*UCI#NY,l)*BRX*V(IoNY#l)
2aCIX*U(I1a1NYai)aCFX*V(I1a1NY#i)

P:REMNY-ARYaCSRCNYI)*AIY*CSI(NYI)
QOIMMNYwARY*CSICNYI)sAIY*CSR(NYl)
PO:l.,/ ( PaPaQaC 
RUDNYR-ARY*DSR(Nyl)4AIY*CSI (NYl

S:DNYI-ARY*DSI(Nyl)"AIY*aSR(YNI)
DU(NY)E(R*P4S*QG)PF
DV(NYV)(S*P.R*0)*FQ

DO 300 4-lNY1
NN:NYVJ
DU(NN)XDSR(NN)-CSHCNN)*DL(NN+1)*CSI(NN)*DV(NN,1)
DV(NN)ODSI(NN)-CSI(NN)*DU(NN41)uCSR(NN)*aV(NN*I)

300 CONTINUE
If(NDIFEQ,1) GO TE 3007
DO 3008 JilaNYl
U( I ,2)xDU(J)

3008 VClJt2))DVC4)
GO TO 3009

3007 C6NfINUh
V(I l2):i±66666*0VC2).,666666*DVCI)
U(1,1. 2) 1 i66666*DL(2)+,666666*DUCi)
DO 37 JultNYV

U(I:J#2)i11666666*rU(j-1)+,666666*DUtJ)+,1666666*DUCJ*I)
VUI, 2)U1u666666*tVC4J1>)+666666*DV(J),.1666666*DV(J+I)

37 CONTINUE
3009 CONTINUE
4 CONTINUE

C THIS IS REGION ***IX*** I NXa J41

D1R REMNX*U(NX e 1l) 1MMNX*V(KXl1l).ARX*U(NXI.l 1).AIX*VCNXl a.l)
Dl I MMNX*UCNXalla)*REMNX*V(NX,1 l)*AIX*U(NXi. i,)*ARXaV(NXIll.a11)
DSRCI)u(DlRaREMYl*ClI*IMMYi)/RR
DsICI)u(Dji*REMYitaR*iMMpY)/RR

t:**************

C THIS IS REGION ***aIl*a*ISNX, Jz2,NYI

DO 60 J1 ljNYVa
P:BRY-AHY*CSR(J)+AIY*CSI(J)
QzB1YwARY*CSI (J)uAIY*CSR(J)
P.X1,/C( P*P**C)
D4PiRERtMNX*U(NX,4al.,1)*IMMNX*VtNXJ*l,1)1ARX*UVNX±,J+.,l)
IPAIX*V(NXloJ*1,1)

DJPllaREMNX*V(NX4.J1'pl)+IMPNX*Ut(NXJ*lsl)+ARX*V(NX.JOJ*Ip)

RDJPlR-ARY*DSR(J)aAIY*DSI(4)
SzDjPlIIAIY*DSR(tJ -ARY*DSI (4)
CSR(J*I)=tCRY*P+CIY*C)*Pc
CSI(J CI)(CIY*P.CRY*C)*PC
DSR(C4*)*(R*P*S*O)*PC
OS! CJ+I)=S*P-R*Q)*PC

60 CONTINUE
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ca*aa**a*******

C THIS IS REGION ***VIIIa** I=NX, JrNY

DNtYRzEMNX*UtNX , NY 11 wIMMNX*V CNX ,NY, 1 )+ARX*U(NXI, NYVI)
IRAIX*VCNXI#NY#1)

DNYIxREMNX*V(NXNY,2)+IMMNX*L(NXaNYai)*ARX*VCNXINYVl)
l.AIX*UCNX.,NY,1)
PUREMNY.ARY*CSR(NYI)4AIY*CSI(NY.)
QaIMMNY-ARY*CSI(NyilVAIY*CSRCNYII
PCua.,/(P*apQ*c)
RzDNYR-ARa*DSR(NYa).AIYarSI(NKY)
SZDNYI-ARY*DSI(NYl)uAIY*aSR (NY)

OV(NY)x(S*PmR*GQ*ap
DUCNY)C(R*P4S*G)*FQ

DO 70 JxiNYI
NNvNY"J
DU(NN)aPSR(NN)PCSR(NN)*DU(NN*l)*CSI(NN)*DV(NN,1)
DV(NN)xDSI(NN)-CSI(NN)*DL(NN*1)uCSR(NN)*DV(NN+i)

70 CONTINUE
IF(NDIF 1 EG,1) Go TE 30i0
DO 3011 JalNYI
U(NXi# 12) DU(4)

3011 VCNX,#,2)sDV(4)
O0 TO 3012

30±0 CeNTINUE
U(NXa1,2)=,166666*DUC2)V,666666aDUC1)
V(NX,122),l666666*DVC2)*,666666*DV(1.
DO 38 JxaiNyl

U(NX,4J2),12666666*DL('C1i).,666666*DU(J)a,,1666666*DUtJ+1)
V(NX.4,2)U,1666666*DV(CJ4i).,666666*DV(J)*,i66666*DV(4J*)

38 CONTINUE
3012 CONTINUE
1000 CONTINUE

RETURN
END
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S8RROUTMNt PHASE(NJ,)
CEMMON /1/ CC(61e61),Q.It6C 61),UC61aA1.2),VC616i.2)
COMMON /2/ FCRMI(2),FORM2(2),PLTRATC200,3),QJMAX(200),QCMAXC200)a

a ZI(2U0)sZM(200)
COMMON /SINGLS/ AAA ALFCCNALFSUMpALPHA.8B8,BETABETAZC'CZERG , D
1 CDDeUELTAiDIAMaECHNG EEE.FaFLaFOCUS,GAMMAaHX,HYHZHZVPWZXaHZYa
2 IMAX IUplTpJCMAXs.MAX# KXvKKMAXKPKQMAXaLPLOTNALPHNBETiA
3 NCONSNt)tL.NCIF.NNPLOTNOLUTNPLOTPNSTEPNTAUaNXoNXIaNX2I
4 NXYNY#NYNYK2,'MEGA,FPFH2O.PI PLTCALPOWERQMAXaREFRACROaROZERO
5 ,STAHTlST(PPFSUMaSLMIPTAL#TEMPaTWETAVZEROW2,WIDTHWN#ZaZETAa
6 ZTpZZ

PANK.CQ)p /1/

CALL INDEXCN)
DO 1 Iu1,NX
DO I JOHNNY
TEMPU:UCIPJK)
TEMPV:V(IpJaN)
UClJN)=TEMPL*COSF(CC(IlJ))-TEMPV*SINF(CC(ItJ
VCIJN)z:TEMPV*COSF(CCCI J))aTEMPU*SINFtCCCIlJ))
IFCN,NE,2) GO TO 100
KIMAXl1
CIMAXa0,
DO 2 Jm1,NY
IFCQIlt4J)iLTCIMAX) GO TO 2
CIMAX:=I lCJ)
KIMAX6J

2 CGNTINUL
CCMAX:AUSF(CCClKIMAX+5))
PRINT 3fCCMAXPZ

3 FORMATSa MAXIMUM PHASE CHANGF=*EEl225#a RADIANSAT Z:m*EI2.5,*KM*)
ZF:o,9*aL
IF(ZLTZF) GO TO 100
IFCCCMAXLT,0,5) G TO 100
HZ:HZ/2 1
NSTPmNSTTkP+2*CNSTEPJC) /2
NNPLOTQNSTEP/(NPLOT-l)-1

1o0 CGNTINUL
RETURN
END
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SUBROUTINE INITL CN)

CEMMON /1/ CC(61a61)#GI (61,6i)sU(6i,6A12),VC616i,2)
COMMON /2/ FRRMjC2)#tFRM2(2)oPLTRAT(200,3) QJMAX(200)eOQMAX(20Q)O

1 ZI(200)LM(2C00)
COMMON /SINGLS/ AAA#ALFCONaALFSUMALPHAP8BBBETAaBETAZuCoCZEReD,
a DDDDELTA DIAMECHNGEEE,FFLFOCUSGAMMA,HXHY,HZHZV HZXHZY,
2 IMAXIU, ITJCMAXmMAX K4KKMAXKPKAXLPLOTNALPHNBETA#
3 NCONS,NDEL,KCIF,NNPLOTCNOTNPLGT,NSTEPNTAU, NX',NXiaNX2'
4 NXYaNYpNYiNY2aOMEGAFtPH 2 0.PIlPLTCALPOWEReQMAXaREFRACaRO#ROZERO
5 ,STARTTSTOPPSUM'SUMlMTALTEMPTHETAaVZER~oW2,WIDTHtWNaZZETia

6 ZTSZZ

BANKe0)? /1/

X:-HX
DE 11 I:s1NX1
X:X*HX
Yz- C (N2-1) *HV
DO 11 .J2aNy1
Y=V+HY
IF((I-1)*( I-I)VJ-NY2)*(a-NY2),GT,±00000) GO TO ±00
VtC1Jfl)=VACAMPCXaYV2)
U(I,4JlVACAMP(X#Y~i)
GO TO 200

too u(IJ41)xo,
V(I J#I)z0,

20o CONTINUE
11 CONTINUE

CALL BOUNDSIl)
RETURN
END
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SUBROUTINE GRAPHI(NFECUS)

C GRAPH1 PLOTS EGUI-INTENSITY CONTOURS AND BEAM PROFILE DURING ZL6oP

COMMON /I/ CC(6lC 6l)aGl) 6l 6l),tU(6i,6a2) V(61,61,2)
COMMON /2/ FORM1(2),FORM2(2).PLTRAT(200,3)oQJMAX(200 ,QCMAX (200)

1 ZIC200)aZM(200)
COMMON /SINGLS/ AAA ALFCENALFSUMpALPHABBBBETABETAZCCZER'oDv

I DDD,DELTADIAM,ECHNGEEE,F,FLFOCUS,GAMMAHX,HYHZ,HZV,WZX,HZY,
2 IMAX, UIT,4CMAXsMAX, K4,KKMAX,KP,KOMAXLPLOTNALPHNBETA,
3 NCeNSNDELNCIF aKPLOTNLSTNPLOTaNSTEPNTAUNXNX1 9NX2a
4 NXYNYVNV±.NY2.OMEGAFPPH2OPIPLTCALPOWER.QMAXREFRACROROZERO
5 ISTARTTSTOPPSUMaSLMIeTALaTEMPgTHETAaVZEROsW2,WIDTHaWNZZETAa
6 ZT ZZ

CGMMON/XY/DEF

DIMENSION IMAGE(61,61)oQCG(61)t, (61)

BANKt(), /1/

C PLOT EQUIVINTENSITY CENTOURS IN XtY SPACE
FOCUs SURTF ( C)

FF=FOCUS
IF6NFOCUS1EQ,1) FFa1
DEFLzVEFaWIDDHaFOCUS
QNXuNX
QNY SNY
QG:QNX/QNY
XIN*8,0*QF t 
YINz8Q0aFF

YMINzDEFL"(NY2-1V*HY*WIDTH*FeCUS/FF
XMINa, 0
HlYENY$HYaWIDTHsFOCUS/0(l0OaFF)
HlXmNX*kX*WI0TH*FeCUS/(tloto*FF)
CALL TOPOGRAF(CCIe61laNY ,NY,i, 0e10,XINYINIMAGEXMINHix',

I 4HF9a±.2IX a-2,YMINHIY*4HF9,1 9 3H Y o3,Z *PLTCALaNXYLPLOTPOWER,
2 FLeD ,WIUTHsOMEGA#PH2EVZER0#FF)

NXYUNXY+i
PLTCALL '0,0

IF(LPLOT 1 E0, 0) GO TE 3

C GET PROFILE ALONG WlND THROUGH CENTER OF BEAM AND PLOT

DO 2 Jxl#NY

QC(J)xQI(1,J )*PBWER*EXPF(-ALPHA*WN*W2*ZETA)/(W2*D)
2 XGCJ)=(J-NY2)*4,0* FF /(NY2-1)'4,0

CALL SCALH(Q.NVY6,0 ,YMINDY#IaTKY)
XMIN:-(NYVai)*HYwIDTH*FeCLS/FF*DEFL
DX:ABSFCXMIN*CEFL)/5,
TKXU0 g
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CALL LlNECXQCOaN1NY,1.i,0,035,0)
CALL AXIS(Oa4ai9HCISTANCE ALCNG. WINDO-19,8,0 #U.OTKXP

jXM NgDX,4HF9,1)
CALL AXISCOOS24HINTENSITY AT BEAM CFNTER,24,6,0 ,90,0,TKY

1,YMINDY ,4HF9 ,I)
CALL PLO T 1 0 ,5s0 8-!)

C RE-INITIALIZE COUNTER FOR PLOTTING
3 KIJu

RETURN
END
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SUH2OUTINE GRAPH?

C GRAPHi VOLS FINAL FLOTTING AFTER Z-ITERATIONS ARE COMPLETED

COMMON /i/ CC(61a61),QI(61#61) ,(61#61#2) V(61a6i,2)
COMMON /2/ FRM(l2) ,FORM2(2)aPLTRAT(200,3),QJMAXC200)aQQMAX(20)a

1 ZIC200bLM(200)
COMMON /SINGLS/ AAA ALFCENALFSUMALPHARBRaRETAeRETAZuCOCZEROeDI

1 CDDDELTADIAMECHNGEEEFFLaFOCUSGAMMAHXHYHZHZVaRZXHZYI
2 IMAXIOITJCMAX.#MAX, M4,KKMAX,KPKQMAX,LPLOT,NALPHNBETAI
3 NCONSNUELaNCIFaNNPLOTeNOUTaNPLOTaNSTEPNTAU,NXNXINX2,
4 NXY,N#NYl.,NYV2,MEGGA FPH2GPI PLTCALPOWERQMAXREFRACROiRSZERO
5 ,STARTTSTOPP,SUMSUM1TAU TEMPTHETAVZERO,W2,WIDTHWNZZETAa
6 ZTZZ

INTEGER XFORMtYF0HM

BANK#(0,C /1/

C PLOT MAXIMUM INTENSITY VS RANGE

IcQIQ-1.
OCMAX(Il) *Oa
CALL SCALttQQMAX.IC G 7,0,YMPINDYa.TKY)
CALL SCALECZMOIQ ao ,xMIN#DXtlTKX1
XFORMxIESRMAT tXMiNrCXi8 ,TKX)
YFORM2IFORMAT CYMIN,CY,7,.TKY)
CALL LINE(ZMCQMAX.ICQ#O1-i. 035,0)
CALL AXIS(0,0O24HDISTANCE FReM LASER FACE.24,8,0 0,OalKX,

I XMINtDX#XFORM)
CALL AXIS(0C0,7HMAXIMLM INTENSITYV,7, 7,059g,oTKVoYMINDYa

1 YFORM)
CALL PLWT(l05sOa"3)

C PLOT DEFLECTION OF PAX INTENSITY POINT VS RANGE
C SKIP THIS PLOT IF BEAM STAYS AT ORIGIN

IF (eETALO,0,0) GE TO 2
CALL SCALEtQJMAX#IC, 7,0,oYltDCYtl#TKY)
YFORMCIFOHMAT (yMINCy,7,,TKY) -
CALL LINE(ZMCJMAX ICQ,1.-j,,35,0
CALL AXIS(C,0,24HDISTANCE FROM LASER FACE-24.8.0 to,O#TKX,

i XMINUXPXFORP)
CALL AXlS(0C0,j5H8EAP CEFLECTION,15, 7 ,090 ,OTKYVYMIN#DYVYFoRM)
CALL PLWT(0,5p0.u3)

2 CONTINUE

C FLOT RATIO OF INTENSITY TO VAC,INTTvVS RANGE

CALL SCALE(ZIaIGQaPt ,XMIN#DCXrlTKX)
CALL SCALE(PLTRAT(1) ,40OelCp7,OYMINoDYtiTKY)
XFORM=IPOHMAT (XMINarXa8, sTKX)
YFORM2IFOHMAT (YMIN,rY,7,,TKY)
CALL LINECZI.PLTRAT(j).ICQa,1to 08,l)
CALL LINE(ZI,FLlRAT(201) ICGa5e5 ,05.1.)
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CALL LINE(ZIFPTRAT(40i),lCCl4aO8l)
CALL AXIS(DO0 24HCISTAhCE FREM LASER FACEov24#8,0 *0.0.TKXI

1 XMIN#DXXFORM)
CALL AXISCOsOa38HRATIO OF INTENSITY TO VACUUM INTENSITY,38.7,0,

190,0,TKYpYMIh*DYVYFORM)
CALL SYMBOL(7,0,6,5a,0,8,0,0,-i)
CALL SYMBOL(7,25s6.4475,0 ,105,3H0,9,0.3)
CALL SYM8BL'7,o,6,2,o0,8,5,0,"1)
CALL SYMBOL(7,25,6,14750,0105 3H0 5#a03)
CALL SYMBOLl7,o 05,qp08,4,0s-i)
CALL SYMBOLC7,25.5,8475,o 0 5i 3H0 tiaO,3)
CALL PLUTC5,0 aCE-3)

RETURN
END
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FUNCTION IFORMAT CYMINoDYvEIGHToTICK)

C SELECT APPROPRIATE FERMAT FOR THIS DATA

ENDTICKnYMIN*CY*INTFCHEIGHT/TICK) 
BIG:MAXlFCABS(YMIN)ABS (ENDTICK))
SMALLUDY
CALL NORMAL (SMALL,IEXP)
CALL NORMAL CBIG4NEXP)

10 IF CIEXP,LT,,3) GO TO 14
IF (NEXP,GE,4) GO TO 14
IF (IEXP) 12,11.1i

C NO DECIMAL
i1 ICECuO

IRANGEu2*NEXP
GO TO 13

C WITH DECIMAL
12 ILECM."IXP

IRANGtxIDEC*3
IF (NEXPGEO) IRANGE:IRANGE*NEXP

C CONSTRUCT FORMAT
13 ICEt:IDiC*8**8

IRANGEsIRANGE*8a*12
IFORMATu4HFOoORIDECORIRANGE
RETURN

14 IFGRMAT64HE8SI
RETURN
END
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SUBROUTINE NORMAL (ARGIEXP)

C NORMAL TAKES ANY NUMEER, ARG, AND NORMALIZES IT, IEs CONVERTS IT
C TO THE FORM, ARG*10**IEXP, WHERE 1,LEARG,LTio,

SIGN a '110
IEXP a 0
IF (ARGO) 65,1

6 SIGN * Vito
ARG a -ARQ

I IF (ARG *10,0) 2,4,4
2 IF (ARG - 1,O) 3a5 ,5
3 ARG * ARG*10,0

IEXP a IEXP ,
Go To 1

4 ARG : AHG/10,0
IEXP * IEXP 4 1
GO TO 1

5 ARG a SIGN*ARG
RETURN
END
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SUBROUTINE TCFOGRAF (T#NXDNYC NXpNYVFiDELFPNC.YINCHES, INCHES,
lIMAGE.XMINDX ,XF0'ATXLABEL ,NCXYMINDVVFORMATYLABELNCYZPPa
2NXYrLPLOT.P(DERFLaDL.HICTiaOMEGADPH2OaVZEROaFF)

rr.
C TOPOGRAF DRAWS A TEPeGRAPHICAL PLOT OF THE VALUES IN AN NX BY NY ARRAYr's

C DIMENbIONED F(NXDaNVY)t USING SUBROUTINE CONTOUR,
C CGNTOURb WILL RE DfAhN FOR NC VALUES OF F, AT FjaFlpDELFrrf'Fju(Nl)DELF

C OR, IF UELF.Ot THE ROUTINE WILL CALCULATE THE MAXIMUM AND MINIMUM VALUES

C OF F AND DRAW NC CENTOURS RETWEEN THEM*
C XINCHES - GRAFP LENGTH IN INCHES, YINCHES _ GRAPH HEIGHT IN iNCHES,

C IMAGE a NX*NY STORAGE LOCATIONS FOR USE BY CONTOUR,

C XMIN 1SI XuVALUE, EX ; X-VALUE INCREMENT, XFORMAT : FORMAT FOR X-VALUES,

C XLA8EL - NCX HOLLERITH CHARACTERS TO LABEL THE X-AXIS,

C YPIN, DY, YFVFMAT, YLASEL, NCY PROVILE CORRESPONDING VALUES FOR Y-AXIS,

DIMENSION TCNXrDNYr)
DIMENSION XOFF(6)1 YEFF(e)

FeCUSxSQRTF(DCL
XGFF(1) XOFFC4):2,5
XGFF(2)=XOFF(5)c9,0
X6FFCJ)cXFF(6)i5i.5
YOFF(l);YVFFC2)aYeFF(3):3, 
YGFF(4)mYOFF(5)VYEFF (6 )m2;
XI=XINCHES
YV:YINCHES
DXT:DX
DYTzDY
IF (DELF,NE,O) GO TO 6

C DETERMINE HIGHEST VALUE IN ARRAY FOR IST CONTOUR, AND DECREMENToOF

C TO GIVE DESIRED NUMBER OF CONTOURS BETWEEN HIGHEST AND LOWEST
C VALUES, WHEN CELF IS NET GIVEN

FMIN r FMAX a T*(ii)
DO 5 Iwa.NX

DO 5 Jzl1NY
IF (TCI.J) - FMIN) 2.503

2 FMIN * T(1,J)
GO TO 5

3 IF iT(IJ) - FMAX) 5'554
4 FMAX * TCIsJ)
5 CENTINUE

DF a CFMAX - FMIN)/NC
FLEVEL * FMAX
GO TO 7

6 FLEVEL * Fl
DF a DELF

C DRAW NC CONTSURS. PEGINNING WITH THE FLEVEL VALUE

7 DE 1 Ia.1NC

CALL CONTOUR (ToNXDNYCoNXINYFLEVELXlNCHESYINCHFS' IMAGENXYa
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ILPLOT)
l FLEVEL a PLEVEL a CF

IF(LPOT,.EO,i) GO TO 600
X1z3,5+XO0F(NXY)
X2:XI*013
X3sXl*1 1 0
Ylz2oQ*YOFFNXYV)
Y2:Y38YI
GO TO 601

600 X1Ua..O
Y2z1,3
X3:2,0
YlaY2xYJ=9,O
EXuXI/±O,
EY*YI/10,
CALL AXIS(OaaYLAOLELNCYYI,90,EYYMINDYTYFORMAT)
CALL AXISCOoO4XLABELINCXoXI tOOeEXXMINDXTXFORMAT)

601 CeNTINUE
IF(LPLOTEOQ) GO TO 603
GQ TO 602

603 CONTINUE
YSm4,5*YOFF(CNXY)
XIu4,5*XOFF(NXY)
CALL. SYMBOL(xSoVSa ,O0,03#DiQ#i)

602 CONTINUE
CALL. SYMBOLC Xi, Yi,,11f52kZEfa0,02)
CALL NUMBER( X2. Y2alO5#Z,0o0o4HF7,4)
CALL SYMBOL( X3, Y3,,l05#2HKK#0o0#2)
IF(PP,EQ,0,0) GO Tt 20
CALL SYMBOL(U,0#8,75' I i5,6HPRWERso0.086)
CAL. NUMBER(l,8,8,@73,,05aP$WORa0,0e5MFI0,±)
CALL SYMBOL(3,0475! lq5,5HWATTS#,Qo.5)
CALL SYMBOL(1,0a8:501 ,lQ5#2HFia0~02)
IF(FLGTloF*o5o) GE TO llO
CALL NUMBERC1,3,8,5#, 05aFLs0,0,4HP7,3)
CALL SYMBOL(2a0a8,50, ,052HKMagooe)
GO TO 210

Ili CALL. SYMBOLC1,3s8,850*,,±Q98HINFINItYo0',0)
210 CONTINUE
200 CONTINUt;

CALL SYMBOL(ilQO8.0olO5,6WIDTH,,0,0,6)
CALL NUMBER(l,8a0,8,olo~eWIDTH,0,o,4HF7,3)
CALL bYMBOLC2,8e8O, lO5,2HCOont0,2)
IF(PPIEU,2,o) GO TO 22

CALL SVMBOL(1,0,7.5,,105#6HOPMEGA,,Ol0,6)
CALL NUMBER(C18a7,5# ,lo.5,oEGA,0aoa4HF7,3)
CALL SYMBOL(2.8,7. ,lo5 oI7WRAD/SECi0,O07)
CALL SYMBOLCl.oa7l25 ,io5saHPH2eCa00oa5)
CALL NUMBER t,7,*725 il.05,PH2O,0,t04HF7,3)
CALL SYMBOL(2,5,7.25, ,Q5#,4HTORRQoo,4)
CALL SYMBOL(I ojsao o5j6HVZEQO!,oD#6)
CALL NUMBER(1,7&7,oa,.l5oVZERO,,O04HF9,3)
CALL SYMBOL(2.8,7, 0,1, 5,6HCp/SEC0, 0,6)
GE TO 20

22 CALL SYMBOLC1,0,7s5,,1051.0HVACUUM RUN,0,0.10)
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20 CONTINUE
XF(LPLS!,EO,1) GO TO 700
?F(NXYEQ 1 6) GO TO 400
XNEWPO,
CALL PLPT (XNEW#0,*3)
GO TO 401

400 CAL; PLOT(25,,0O0,3)
GO To 401

700 CONTINUE
P1.u4,0aFF *4,0
P2qa 410 F *4,0
CALL SYMq0Le PlPl, ,O7380,01-)
CALL SYMBOLr PP2 ,07 .3.0Q.±1
CALL $YMBOLCP2aP2a,07Q#3,0-ot1)
CALL SYMBOL0P2,Pl,070.30'I.±0-0
CALL PLOTC±0,5,0103)

40i CONTINUE
RETURN
END
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SUBROUTINE CONTOUR (TNXDNYCNXNYFLEVELXINCHESYINCHESIMAGE,
1NXYeLPLOT)

DIMENSION T(NXDjNYr), IMAGECKXDINYD)
DIMENSION XOFFCl00) YOFF(100)
EGUIVALtNCE (CXC, ICXO), (CYOICYO0) (CXICX)a(CY#ICY)

C CONTOUR POES INVERSE DEUBLE INTERPOLATION ON A 2-DIMENSIONAL ARRAY, F(X.Y)
C WHEN CALLED WITH A GIVEN FLEVEL VALUE, IT RETURNS AFTER HAVING PLOTTED
C A SET 00 UONTEUR LINES, WHERE F * FLEVELa ON A GRAPH X!NCHES LONG,
C AND YINCHES HIGH,

C NXD AND NYD SPECIFY THE SIZE OF ARRAY T GIVEN IN TWE DIMENSION
C STATEMENT, WHILE NX ANr NY DEFINE THE AMOUNT OF ARRAY T ACTUALLY
C USED,

XOFFCl)RXOFF(4)x215
X6OF! (2)xXOFF(5)m9f0
XOFFC3)RXOFFC61;15,5
YOFF()wYOFF(2)*YVFF(3)*3,0
Y6FF (4 )YFF(5)cYVFF(6)P*2$.

XFACTOR a XINCHESdCNXi1)
YFACTOR x YINCHES/(NYai)

IF(LP.OTNE,1) GO TO 400
X6FF(NX*)*YOFF(NXY)R0

400 CONTINUE
QhXSNX
§NYUNY
OCwQNY/QNX
XSHIFTUXOF(NXYC)4,0wXINCHES*QO/2,O
YSHIFTUYOFF(NxY)+4,O.YINCHES12,0

C LOAD IMAGE ARRAY

DO 2 IYVUsNY
DO 2 IX;1,NX
IF (T(IXYI),GEFLEVEL) GO Te
IMAGE(IXIY) a m1
GO To 2

1 IMAGECIXsIY) x 1
2 CONTINUE

C SCAN IMAGE FOR THE 1ST POINT OF A REGION

IYSTART *
3 DO 4 IY;IYSTARTNY

DO 4 IXUINX
IF (lMAGECIX.YI),EClj) GC TO 5

4 CSNTINUE
RETURN

C LIFT PEN AND BRING TO STARTING POINT. AND SKIRT THE REGIMN FOUND,

5 IYSTART * Iy
IF (IYE0 1 1) GO TO 6

50



NRL REPORT 7706

IF CIMAGE(IXIYwi),EC,C) GO T6 e
CY0 * CIyVl-(T(IXIY):FLEVEL)/(T(IXIY)uTtIX, IYV)))*YFACTOR
nG TO 7

6 CYO D 0
7 CXO a (IX"l)*XFACTCR

CXO:CXo*XSHIFT
CYOuCYO+YSHIFT
CALL PLOT (CXC,CYO,3)
INOUT * 2
GE TO 20

C START AN INNER 80UNDARY
e INOUT a I

CXn a (CIX92)*XFACTCR
CYOX lY-24CT(IXCl.,IsY )uFLEVEL)/(T(IXwiiY*l).TClXwluIY)))*YFACTOR
CXOPCXO*XSHIFT
CYOXCYO*YSHIFT
CALL PLOT (CXOCY0,3)
GO TO 20

C SKIRT DIRECTION IS ALWAYS COLNTER-CLOCKWISE FOR AN EXTERNAL BOUNDARY,
C AND CLOCKWISE FOR AN INTERNAL BOUNDARY (IE, THE INSIDE OF THE REGION
C IS ALWAYS To TWE LEFT CF TWE SKIRT DIRECTION,
C P6SITIVE XpCROSSING

10 CX a CIXI)a*XFACTOR
IF(IYElNY) Go TO 11
CY N (IY-a*(T(lXaIY)sFLEVEL)/(T(lXaIY) * T(lXoIY&I)))*YFACTOR
GO TO 12

11 CY CNY*l)*YFACTOR
12 CeNTINUE

CYUCY+YSHIFT
CX=CX+XSHIFT
CALL PLWT(CX,CY,2)
IF (CXNEICXO) GO TO 16
YGAP a ABSF(CY . CY0)
IF (YGAP,LT,,001) GO TC 3

16 IF (IX.EQ 1 NX) GS TO 40
IF CTCIX+a.IY) - FLEVEL) 40#13,13

13 IF (IY,tQtNy) GE TO 14
IF (T(IX*Il9 yI6) * FLEVEL) 14,ii5,1

i4 IX ' IX*l
GC TO 10

15 IX a IX+l
IY ' IY1l
GE TO 20

C P6SITIVk YVCReSSING

20 IF IX,~t:li) GO TO 21
CX ' CIXlw(TT(IXoIY) * FLEVEL)/(T(IXiIY) TClXo.IlY))a *XFACTSR

GO TO 22
21 CX N 0
22 CY U CIY"l)*YFACTOR

CY=CY+YSHIFT
CXuOX+X5HIFT
CALL PLOTCCXCY,2)
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DO 26 I5IXNX
IF CIMAUECIIY),LTa) GO T¢ 28

26 IPAGE(IIY) a 0

28 IF CIYEQNy) GO TC 10
IF (T(IX.IYV1) - FLEVEL) 1.023,23

23 IF (IXLQII) Go TO 24
IF (TCIX-l,I6ai) - FLEVEL) 24R25R25

24 IY * IY a 1
Ge To 20

25 IX U IX-i
IY * IYV1

GO TO 30
C NEGATIVE XPCRESSING

30 CX a CIX-l)*XFACTOR
IF (IYE-0 1l) Go TO 31
CY a CIilYw(T(IXsIY) a FLEVEL)/(T(IXoIY) T(lX'.YUi)))*YFACTOR
GE TO 32

31 CY * 0
32 CONTINUE

CXmCX*XSHIFT
CYVCY+YbHIFT
CALL PLOTCCX#CY#2)

IF (CX.NEICX0) GO TO 33
IF (CYEOQCYO) GM TO 3

33 IF CIXE.L01 I) Go TO 20
IF (T(IX1.,IY) - FLEVEL) 20g34a34

34 IF CIYELQl) GO TO 35
IF (T(IX-),IY-i) - FLEVEL) 35,36#36

35 IX 2 lX1I
GO TO 30

36 IX U IX-1
Iy * IY-l
GE TO 40

C NEGATIVE YVCR6SSING

40 CY 2 (tIYl)*YFACTGR
IF CIX.EQtNX) GO TO 41
CX * C-IX.1a(TCIX#IY) a FLEVEL)/CTClXIY) T(IX*.,IY)f)*XFACTOR
GE TO 42

41 CX w (NX-l.)XFACTOR
42 CeNTINUE

CXmCX+XSHIFT
CYVCY+YSHIFT
CALL PLOTCCXsCY,2)

IF CIYlEQ0l) Go TO 30

IF (T(IXIY-1) * FLEVEL) 30s43#43
43 IF (IXkQNX) GO TE 44

IF CT(IX'lIY-l) - FLEVEL) 44t45,45
44 IY * IY-1

GE TO 40
45 IX * Ix'i

IY a IYVl
GO TO 10

END
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SUBROUTINE INLEX CKK)

Caaaaaaaaaaaaaaaaaaaaa*a*aaaaaaea~***a*****a*********************t*+****t

C THIS ROUTINE INTEGRATES THE LOCAL INTENSITY FROM INFINITY UP

C TO THE POINT XY ALONG THE Y (WIND) DIRECTION FMR A GAS WHICH IS

C BEING HEATED AND COILED BY THE LIGHT REAM, AND MULTIPLIES THE

C RESULT BY CONST TE GIVE TPE INDEX CHANGE AT EACH PRINT IN
C THE TRANSVERSE PLANE, THE RESULTS ARE STORED IN ARRAY CC(IaJ)

Caaaaaa*aaaaaa*aaa*a***** aaa*a aa aa*a*aaaaaa aaaaaaaaaa aaa aaaa aa a a aaa a a

COMMON /±/ CCC61i61)oIa6l 6l)aU6l61.,2) V(61,6i.2)
COMMON /2/ FORM1 (2)#FORM2(2),PLTRAT(200a3) QJMAXC200) OOMAXC200)a

I ZIC200)oMC200)
COMMON /SINGLS/ AAA ALFCENALFSUMALPHAaRBBBETAaHETAZCICZEROaU,

1 CDDDELTADIAMECHNG 9 EEEFFLFOCUSGAMMAHXHy',HZ.HZV,.zX#Hzy,
2 IMAX, QsITsJCMAXa! MAXa KJKKMAX.KPKQMAX,LPLGTNALPHNBETA,
3 NCeNSNDOELNCIFNNPLeT tNLTaNPLOTNSTEPNTAUNXNX1aNX2's
4 NXYNYNYi#NY2.OMEGAFPPH2,P I ePLTCALaPOWERQMAX REFRACtR:aROZER1
5 ,STARTT,§STOPPSU 9 6SLM±TALTEMP.THETAVZEROW2,WIDTIWN',Z',ZETA,
6 ZT,ZZ

CeMMON/XY/DEF

DIMENSION AC61) t.6l)

BANKCO, /1/

ARG.WIDTH*FeCUS/(TAU*(VZERe*eMEGA*ZETA*W2*WN))
CONSTuBETA*EXPF(OWN*W2*ALPHA*ZETA)/(ilaMEGA*WN*W2*ZETA/VZERO)
GS TO (3,4) KK

3 ZPSZZ*HZ/2,
GO TO 5

4 !PxZZHZ/2,
5 FHATaF/CWN*W2)

ZET83(TANF(ZP-ATANF(IAN*W2/F))4WN*W2/F)/CI.,+WN*WN*W2*W2/(F*F))
ZBuZETR*WN*W2
ZIBRl. I-B/F
DB=ZETR*ZETB*ZlIB*ZIB
FeCUSBuSoRTF CL)
CONSTBu6ETA*EXPFCw.NaW2*ALPHA*ZETB)/CI,*MEGA*WN*W2*ZETB/VZEROI
CeNSTu ,2.*HZ*(CONST*FOCUS4CCNSTB*FOCUSB)
EXmEXPF C .ARG*H V)
WCZPHZ/4 a
DO 1 InjaNX
XX(1.1)*HX
Yvw(NY21j)*HY
YUY*DEF
CC(I.1.)3CX*x*Y*Y.2, )DZ
UV24UUII2,KK)*IJS2,KK)*(CI,2,KK)*V(I12,KK)
UVl.U(I#IKK)*U(IsliKK)*V(CtiKK)aV(IoiaKK)
AC2)xUCONST*HY*0,5 5*C(.Vi.6V2)
BC2)u*CONST*aELTA*C,5*HY*(LV2+EXPF(.ARG*HYV*UVI)
Y- C(NY2-2) *HY
YuY#DEF
CC(I,2) A(2)*6(2)-(X*X*Y*Y2, )*HDZ
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DE 1 J06INY1

Yx-(NY2wJ)*HY
YxYVDEF
UVJeCUCIJ4KK)*U(I,,4KK)*V(IJoKK)*VCIJoKK))
UVJ1.*CClI#,Jo1KK)*M#CI i-iKKM)V(I#Jwi#KK)*V(ItJu.iKK))
A(J):A(J.)>-CONST*HY*0,5*(LVJ+UVJI)
BCJ)Ht(Ji±)*EX*CON5T*DELTA*0,5*HY*(UVJ*UVJi*EX)
CC(1e4J)ACJ)*6CJ)w(X*X+Y*Y.2,)*HDZ
CENT I NutE

RETURN
END
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SUBROUTINE INTENS

C IGATE * 1 FOR 1ST CALL, BEFORE Z ITERATIONS
C IGATE s 2 DURING ZaITERATIONSt TO SKIP PLOTTING r
C IGATE 5 3 DURING Z-ITERATIONS, TO DO PLOTTING

COMMON /1/ CC(61#61),Il(6tl61),U(61#6.12),V(61#61#2)
COMMON /2/ FORMl(2),FeRM2(2) PLTRAT(20Oo3)QJMAX(200),OQMAX(200)'

1 ZI200),ZM(200)
CEMMON /SINGLS/ AAA#ALFCeNALFSQMuALPHAaRBBaRETAaBETAZ"CaCZERO'De

1 CDDuELTA,DIAM,ECHNG,EEE,F,FLFOCUSGAMMA,HXHy,HZHZV,WZXHZV,
2 IMAXIQ,iTJCMAXaMAX, KJKKMAXKPKOMAXLPLOTNALPtNBETA,
3 NCONS NDELaNtIFaNNPLOT:NeULT:NPLeTLNSTEP'NTAU NX;NX±,NX22
4 NXYaNV NV±,NY2 jOMEGAPFPH2 6 PlPL CALPOWERQMAX0RERAcRMROZERO
5 aSTARTTSTOPPSUMSLMITALeTEMP.TWETAaVZEROIW2aWIDTHaWNZ' ZETA,
6 ZT ZZ
COMMON /RLL/ CONMIN(9),AREA(9),SUMA(9)

DATA (IUATEsl)

BANKCO), /1d

GO TO (100,1) IGATE
C THIS SECTION CALCULATES THE INTENSITY AT ALL MESH POINTS
C IT IS DONE ONCEa AT FIRST INTENS CALL

100 CPAX*0
DO 102 4J1,NY
DO 102 I-lmNX
CIC I4)aU(I,4,l.)aU( 1,, .)'V(I,Jtl)'V(l J,4,1.
IF(QI (.J4)GTQMAX) QVAX*CI(I4)

±02 CONTINUE
De 103 121,9

103 CeNMINCI) a *1071/10
GO TS 7

C CALCULATE INTENSITIES (ALL SUBSEQUENT CALLS TRANSFER HERE)
I IF (KPE~jKKMAXORKIEQ.NNPLGT) IGATEx3

C FACTOR FUR SHRINKING COeRDINATE SYSTEM
F2:D
DE Js JXIINY
DE 3 IXlaNX

3 IC1(iJ) *U(IJ,2)*U(I,J,2)'V(lCJ2)*VClJ42)

GE TO (7,7#4) IGATE

C CALCULATE MAXIMUM INTENSITIES FOR PLOTTING
4 QMAX:QCMAXx0

DO 6 4=1#Ny
IF(QClaJ),LEGCMAX) GE TO 5
GCMAXQC(lCJ)
JCMAX*J

5 DO 6 I:1,NX
IFCQICIaJ) .LE, (MAX) GO TO 6
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0MAXzQI(IJ)
IMAXaI
JMAXsJ

6 CGNTINUE

C CALCULATE THE TOTAL INTEGRATED INTENSITY

7 SLMuO
DO 8 Iu1.9

8 SUMACI) u AREAI) * a

C CALCULATE SUM FOR ENERGY CONSERVATION TEST AND OUTPUT
DO 12 u1ioNX

DO 12 JPJ#NY

IF(I.EQii) TWO*alo
TEMP1uHX*HY
TEMP2vPWWER*GItI(4)aTEVPl
S0MSUM+TEMP2aTWO
GO To (9,12j9) IGATE

C PROCESS DATA FbR INTENSITY PLOTS
9 T75uIliJi/GMAX

IF(TS 0T1 oi1) GE TO 12
DO 31 Kp1,9
IF(TS ,LTA CONMIN(K)) GE TO 1i
D6 10 L1K#9
SUMA(L)SWMA(L)*TEVP2*TWe

10 AREA(L)FAREA(LW*TEMPPaTWe
Ge to 12

11 CONTINUE
12 CONOINUE

C SKIP THIS SECTION UNLESS DEING PLOTS
G0 TO (13#24a14) ICATE

13 S.M1 * SUM
SUMAF a F2 a ZW2WNF a 1 ,

ZI(1) * 0
GO To 15

14 C6NTINUe
S6MAFxEXPFC-ALPHA*aNsW2$ZETA)
11 p 1041tII Q'
ZI (II )NZ
PRINT 160

160 FORMAT(+ *wau+in~q$'-+- *w+"'" +"+,*"''*''"
PRINT lel.Z

161 FeRMATW/* RANGES*,Flo,3ea KILOMETERS*//)
15 PRINT 1.
16 FORMAT(IHQ*CONMIN*7X*AVGINT*IlX*AREA*liX*VACINT*iIX*VAREA*aX

l*RATI.-I*6XaRATI.Aa*)

D6 20 I10,9
SUMA(I) a SUMA(I)*SUPAF
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AREAC I ) AREA( I )aW2*F2
AVGINTUSUMA(I)/AREA(I)
VACINTuPOWER*Sl.,CENPJK(I))/(PI*W2*LOGF(i,/CONMINCl))*D)

1*EXPF(wALPHA*WN*W2*ZETA)
VAREA * Pi*W2*aLGF l(0/CNMINK(I))*D
RATIGINAVSINT/VACIKT
RATIeAQAR6A(I)/VAREA
PRINT 7, CeNMIN(I),AVGIKT.AREA(I),VACINTVAREARATIOI RATitA

17 FORMAT (X#F6,4a4E1j6,52Fl3,6)
IF (IINE,%) GO TO 18
PLTRATCIId.) * RATIOI
00 TO 20

18 IF HINE,5) GO TO 19
PLTRATCII,2) * RATIC!
GO Te 20

19 IF (iNE,? G6 TO 20
PLTRAT(Xx13) a RATIO!

20 CONTINUE

PRINT 21
21 FORMAT C/)

GO TO (22.24,25) IGATE
22 CONTINUE

PRINT 23, SUM
23 FORMAT(3OH INITIAL INTEGRATEC INTENSITYE1j5,8,6H WATTS/)

GO TO 25

24 CONTINUE

25 IGATE a 2
RETURN
END
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SU8RMUTINL OUTPUT CIlp.sKK)

C 11 DENOTES THE TYPE OF OLTPUT TO BE GENERATED BY THIS SUBROUTINE

C IIl. GIVES AMPLITUPE PRINTOUT (ARRAY UV)
C I112 STORES PLOTTING rATA AT ALTERNATE JJ STEPS, AND GIVES PEAK
C INTENSITya CENTRAL BEAM DEFLECTIONs GSN, AND RELI PRINTOUT
C EVERY XKMAY*TH CALL,
C 11:3 GIVES VENSITY CHANGE, PHASE, AND AMPLITUDE PRINTOUT,
C 114 GIVES NORMALIZED INTENSITY PRINTOUT AFTER =INTENSITY PLOT
C Jv 1S THE MA N pREGRAM ZPITERATION INU EX
C KK IS THE LAST ARRAY COLLMN IN AMPLITUDE PRINTOUT, UV(I,4,KK),

C KK SHOULD =1 MR 2 FER 111, AND 23 FOR 11.3,

CEMMON /1/ CCC611),lQI(6a.61)oU(6l,61.2),V(61,61,2)
COMMON /2/ FORMl(2) FeRM2C2) PLTRAT(200,3) QJMAXC200o QQMAX(200).

1 21(200)#ZM(200)
COMMON /SINGLS/ AAAALFCCNALFSUMALPHABBBBETABETAZCCZEReOD.

1 DDDDELTA # DIAM ECkNGEEE FFLFOCUSGAMMAHXHYHZHZVHZX.HZV,
2 IMAX, QIlT, JCMAX, .MAX, XJKKMAXKPKQMAXLPLOTNALPHNBETAs
3 NCONSNDtLoNIFaNNPLGTNOLT,NPLOTiNSTEP,NTAUNXNX1,NX2,
4 NXYVNYNY1,NY2,OMEGA ,PFPH2OPIPLTCALPOWERQMAXIREFRACROROZERO
5 STARTI ,ST@PP ,SUMSLMI TALTEMPTHETAV7EROW2,WIDTHWNZsZETA,
6 ZTZZ
COMMON /XY/ DEF
COMMON /PEAKS/ QQCVAIRUNPPZPP

C DIMENSIONED ARRAYS
C ARCT HOLDS PHASE INFORMATION
C DENS ARRAY CCNTAINING DENSITY CHANGES
C' No0 STORES A RO; 7F NORMALIZED INTENSITIES FOR PRINTOUT

DIMENSION ARCT(61)j0ENS(1,61)N0I (6±)

BANKCO), /I/

NX3=34
GE TO (.0,20,30,40)p II

C PRINT AMPLITUDES

a0 J121
11 PRINT l2aL

12 FGRMATCbHlU AT ZzE12,5)
PRINT FORM2,((UClI,,WK),ll:NX3,2)Juxi.NY)
PRINT 13,Z

13 F6RMAT(dHIV AT ZE12,5)
PRINT FURM2, (V(Il.,KK),lzlNX3#2),uJsilNY)
AZmWIUTH*FOCUS*HY
PRINT 49oZoAZ

49 FERMAT(*OINTENSITY VS R AT Zu*F1O,3* AT INTERVALS OF*F±0C,*CM*)

PRINT 50, QlIf14j)o NY2#NY)
50 F6RMATC7(CX,F15,11))

IF(I,NE,1) GE TO 28
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DE 17 N,21,
Y:"NY2*HY
D6 14 K1a.,NY
Y:Y*HVy
X:HX
DO 14 Jma, NX
X=X+HX

14 DENS(C.K)2VACA4PCX#YVN)
GO TO (18,19) N

18 CONTINUE
PRINT 1.,Z

15 FCRMAT(*i UANALYTIC AT Zx*E12,5)
GO TO 2000

±9 CONTINUE
PRINT lbZ

16 FGRMAT(*l V ANALYTIC AT Zz*Ej2,5)
2000 CONTINUE

PRINT FWRM2,((DENS(JaK)Jzi NX3 2)9K-*1NY)
17 CONTINUE

RETURN

C STORE PLOTTING DATA AT ALTERNATE STEPS (JJ ODD)

20 CONTINUE
C CALCULATE AND PLOT MAXIMUM INTENSITY EVERY KKMAX STEPS

2i IF(KPEQKKMAXORXJEClKNPLCT) GO TO 22

GO TO 2b
22 KP-0

PRINT 23,SUM
23 FORMAT(* INTEGRATEC INTENSITY 2*aEI5,daa WATTS*)

SUM2 a ABSF((SUM.SLM±)/SUMl)
PRINT 24, SUM2

24 FCRMAT(CX#*DELTAwEIEa*E12t9)

C HAXIMUM INTENSITY ANr EEAM DEFLECTION CALCULATION

Q UlICMAXJMAX)w(lCIMAX#JPAX-l)
Q0PQICIMAX#JMAX))OI(IMAX#JAX*I)
OCMAXCIl)30I(IMAXawoMAX)*0,123*(QP0QM)**2/(QP*QM)
OCMAXCIQ)XQQMAX(IGC)*FaOER*EXPF(wALPHAaWN*W2*ZETA)/(W2*D)
ZM(CIQ)Z
PRINT 25,QQMAX(IO)

25 FERMAT(* PEAK INTEhSITY*sE1.2.5o* WATTS/SQ-CM*)
QPmQ ICiJCMAX) XQIC1#&mCPAX+l)
Qp'5QICJ1CMAX) OI(CI %CMPAtIC)
SMAX3JCMAXtGM.QP)/(2,*(GQ*CP))
r¾oMAX(IQ)U5tSvMAXwil)*ayV(NY2.i)*HY)*SORT(D)*WIDTH*DEF*WIDTH*FSCUS
QCQMAXuQI(CiJCMAX )+0,125*(QP-QM)**2/(QP*QM)
DCOMAXUQQQMAX*POWER*EXFF(-ALPHA*WN*W2*ZETA)/(W2*D)

C RLNPP WILL STORE PEAK POWER FOR RUN
FW4J EQ, 1) RUNPFPCQCMAX

IFQQOMAX LE, RUNPP) GO TO 27
RLNPP;QUQMAX
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zpPtZ
27 CCNTINUEb

.°RINT 2UlQ30MAX
26 FERMATC CENTIhAL PEAR INTENSITYN*aEj2,5o* WATTS/SQ-CM*)

PRINT 1t60

160 FERMAT(* +r+a*.+.~+.4.*4._ .4++.4,+-+-4-*+ +-* * * u
IC*IG'i.

28 RETURN
30 ZZMaZ
C PRINT AMPLITUDES ANr RETURN

Jml.
GE TO 11

C NeRMALILE ALL INTENSITIES TO MAX ON A SCALE OF 0 TO ±0o AND PRtNT

40 PRINT 41,Z
41 FORMAT (I.HINTENSITY AT Zs E12,5)

PRINT 42
42 FERMAT C12H Xa.5-°yxv50a 9oXl9HXUOYz.5o /)

DO 44 J4iNY
DO 43 1 1i 40

43 NCI(I) 5 XFIXF(l.*0,QI(IwlJ)/QAX)
44 PRINT FURMi, (NQICI),Ivl,40)

PRINT 4>
45 FERMAT (±2H X-500aYE*50# 90X,9HXOYU*50 /)

IF CNOUTE0,i) PRINT 464Z
46 FERMAT (3dH ENERGY CWANGES T0O LARGE, ABORT AT Zs E12,5#3H KM //M

RETURN
END
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SUBRMUTJNE FOLLOW(CEFL)
COMMON /1/ CC(61,61),QIG(61,61),UC6I.61.2),V(6la6I.2)
COMMON /2/ FEOll (2) FOSM2C2) ,PLTRATt200#3) ,QJMAX(200) ,QQHAX(20t)*

I Zl(200)pZM(200) rr

CEMMON /SINGLS/ AAA ,AFCONALFSUi tALPHASBRBETABETAZC IC7ERSODI
1 CDDDELTADIAMECHNGEEEFFL.FOCUSGAMMAHXHy#HZ#HZV HZX#HZY#
2 IMAX U1,1T#JCMAX#,MAX, K4,IKKMAXKPeKQMAXLPLOTNALPHeNBETA#
3 NCONSNDELNLIFsNNPLOT#NOLT#NPLOTaNSTEPNTAU,NXNX1.NX2'
4 NXY.NYINY1,NY2,OMEGA.F#PH26#PIiPLTCALPOWERQMAXREFRACRReROZERO
5 ,STARTTSTOPFSUMaSLMi#TAL#TEMP#THETAaVZEROW2,WIDTHWN ZaZETA#
6 ZTZZ

COMMON/XY/DEF

BANKCOD, /I/

JCENMaNY2
C! AXuO,
DO 1 jal#NY
lF(Qliti,),L*ECMAX) Ge TO I
CMAXuQIe#J)
JCENMPJ
CONTINVE

1F(JCENMGENY2*i) GE TO 10
IF(JCENMUE NY2l.) GI TO 11
Ge TO 12

10 CONTINUE
DO 100 u1-.NX
DO 100 tjilNY1
Q1( .t )I,0J 1 *QiI .
CC (C,4)XCC (11,J*)
DO loO KNI,2
L(lJK)Um0,vl*.,K)
V(l@jjK)*9tjl4*l'")

100 C6NTINUE
JmAXiJMAXwi
JCMAXsJCMAX-1
GO TO I3

11 CENTINUE
DO 200 Iu1.NX
DO 20Q 0J0lNyl
J4aNY*''J

CC- (1.44)CC C 1,44.1)
DO 200 Km1.2
UtlJJK)SUCl,4JJ4.,K)
V(I,#JJK)PV(IJJ91,K)

200 CENTINUE
JMAXi4MAX'*
JCMAXMJCMAX*1
GS To 15

13 CENTINUE
DEFzDEFL+Hy*^ I DTlaFIOCLS
G6 TO 14

i5 CENTINUt
CEFluDEFL.WY*s lDTla*FOClS

14 CSNTINUt
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PRINT 400sDEFUZ
400 FORMAT(* VEFLECTI6N;*aE12,5#oCM AT Z *aF1O,3,* KM*)
12 CONTINUE

DEFUDEFL/(WIDTW*FaCUS)
CALL UOUNUS(2)
RETURN
END

SUBROUTINE MXTRIDCN#E)
CCMMON/ABC/A(61)s8t61),C(61)
riMENSI@N Dn6 ,CS(6j ),DSC6a)

DS (3) :DCi) /8(1)
DO 1. K32,N
B8=B*K)VA(K-1)*CS(LK-)
CS(K)C (K)/88

1 S(K)mtUtKlwA(K.l)oDS(Kwj))/F8
D(N)cDS(N)
NIaNp1.
DO 2 LzION1
KmN-L

2 D(K)=US(K)"CS(K)*C KCl)
RETURN
END
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SUBROUTINE FINALS

C PRINT INPUT DATA AND SELECTEC OUTPUT (IN DUPLICATE)
COMMON /SINGLS/ AAA ALFCeNALFSUMALPHARBB.RETABETAZCC7ERO'D,

I DDD,DELTA,DIAMECINGEEE,FFL,FOCUSGAMMAHXHyHZHZVWZXHZV,
2 IMAX I(dT,.JCMAXtwMAX, X4,KKMAX,KPKQMAXLPLOTDNALPHNBETA,
3 NCONS,NDELNCIFeNNPLOTiNOLTNPLOTNSTEPNTAUNXNXI'NX2s
4 NXYNYNYINY2,OMEGAF#PH20,PI PLTCALPOWEROMAXDREFRAC#RPROZERG
5 ,STARTTSTePPSUMSLMITALUTEMPTHETAsVZEROW2,WIDTH#WN, Z,ZETA,
6 ZT ZZ

COMMGN/NNN/NFECUS
COMMON/XY/DEF
COMMON /TYPE/ CASEC4)
COMMON /PEAKS/ Q0CQARtRUNPPsZPP
COMMON /REL/ C0NMIh (9)AREA(9)gSUMA(9)
PRINT 28

28 FeRMAT(IHI)
DS 66 M21#2
PRINT 30,CASEDIAM

30 FORMAT(2X**60X,2A8e7X***/15Xa48Xt2A8//l5Xt9X*INPUT DATAI*25X
1 *DIAM*F6* C00)
TSIQF/1001/1852,
TS2vP0WER/1000,
PRINT 32,PL.TS1,HXNX,TS2

32 FORMATt(5X#43X.FGCLS*Frl .* KP*/15Xs3X*CARD 1*14X*CARD 2*16XmFrl,2#
1 * NAUT Ml/l5X*HX*F7,2,l1X*NX.17,16X*PMwER*F9,2* KW*)
TSl*VZtR8/aO,/18852,)s3600,
PRINT 34.HYNYVZER0,HZVNSTEP,TSl

34 FCRMAT(15X*HY*F7,2, iX*NY*s7,16X*WIND*F7* CM/SEC*/15X*HZ*F1j,6.7Xm
I *NSTEP*14,16X#Fl7i 1 l* KTS*)
TS1UOMEGA*i0o0,
TS2uALPHA*100000s
PRINT 36,DIAMNPLOTlTSl#,NKCMAXTS2

36 FORMAT(t5X*DIAM*F4* CM*9X*NPL¢T*13,17X*SL.UING*F4* MRAD/SFC*/j5X,*W
SLN*F10 1 2*/CM*5X*KQMAX*I4,16X*ALPHA*F6,2* /KM*)
TS1P '1Q,*ALOG1O(EXPF'-ALPHA*10000O))
PRINT 38,FSTARTTDTSIZTSTOPPLPLOTNFOCUSNDIF

38 FORMAT (15X**FFloo CP*6X*STARTT*F5o2* KM*IlX*LOSS*F7s2. DB/KM*/
1 15X*ZT*F7,2* KM*eXs$TOPP*F6,2s KM*/15X,2oX*LPLOTw13/15Xa2oX
2 *NFOCUS*I2135X*NrlF*14)

TS140QQMAX/1000,
PRINT 4QTSIGAMMA,REFFRACPH26,CZEROP

40 FORMAT(J5X,3X*CARD 3*36X*ICP(F)*F8e3*KW/CM2*/15X*GAMMA*F5,Iti3X
1 *CARD 4*/15X*REFRAC*F6,3*CM3/GM*2X*PH20*F7,i* ToRR*/i5X*C*Fli
2 *OM/SEC*2XsP*F8,IXsTCRRs)
TSliTHETA*(180/PI )
PRINT 42,VZERG#OMEGAPCWERECHNGaTSIROZERO

42 F6RMAT(15X*VZERO*F6*CMSEC*3X*OMEGAFr6,3* RAD/SEC*s/5X*PRWEReF8
1 * Ws5X*ECHNG*F6,2,j4X*.IMENSlNLESS*. 15X*THETA*F5,i*DEG*7X*RM*
2 F'15*GM/CM3*15X*PARAMETER5Is)
PRINT 43,TEMPSETAZ

43 FGRMAT(35X..TEMP *F5,1* rEG CENT*/66X*8ETA*F9,2)
TSlUMEUA*F/VZERO
TS2xALPHA*F
PRINT 44 TSj.NDELCASE(l) CASE(2)eTS2

44 FCRMAT (5X,3X*CARD 5*14X*CARD 6*16X,10HOMEGA*F/Vo#F9s5/
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1 15X*NL)EL*I4d12X*CASEl *2A8,6X,7HALPHA*FF9 ,6)
TSIUWIDTH/F
T52:WN*wIUTH
TS3xSETAZ*F/WIDTH
PRINT 46,DELTACASE(t),CASF(4)#,TSINTAUaTS2aTAUTS3

46 FERMATt15X*DELTA*F7 ,#eX#2A8#1 X*A/F*FiO .8/5X*NTAU*14,44Xs
1 3HK*AF9o2/15X*TAU*Fg,3* SEC*7X*RUN QUALITY WAS*9X#8WBETA*F/A,
2 F9)
TS1BETAZ*F/ (hN*W2)
TS2aF/(WN*W2)
PRINT 4bNALPHTS1.ALPIA ,TS2

48 FGRMAT(15X*NALPH *12,17X*JUDGED TO BEI*4Xi3HBETA*F/(K*A2)oF9,5/
1 15X*ALPHA*F11,8*/CM*1X*COkTCURS .* ' - .* 9Xo8HF/(K*A2),F9,5)

TSi:ALPHA*WN*h2
PRINT 50,NBETA,TSl,BETAZ

50 F6RMAT(15X*NRETA*Il2X*L ANC V +* * - -a*7XloWALPHA*K*A2.F9,5/
1 15X*BLTA*F9,2//)
PRINT 5E

52 FERMATC15X*CPNTOUR*6X*I*9X*A*6X*I VAC)*3X*ACVAC)*3X*.IREL).3X
1 *A(HEU)*)

SUMRAT*O
DO 56 192o8#3
J10e 1
AVGINTaSUMA(J)/AREA(C)
VACINT3POWER*.C,YCENPINCb))/CPl*W2*LOGFC1,/CONMIN(J))*n)*EXPFC.ALP

1 HA*WN*W2*ZETA)
VAREAzPI*W2*LOGF(l/CONMINCJ,)*D
RATIGI=AVOINT/VACINT
S0MRATzSUMRAT*RATIe I
RAT OA=AREA(J)/VAREA
PRINT 54,CØNMIN(J) AVGINTAREA(t),VACINTVAREARATI IRATIOA

54 FERMAT t15XFl 1 Fl2 ,3,Fl0,2,F9.2,F9 1 2,F8,3,F9#3)
56 CCNTINUt

AVGRATESUMRAT/3,
TSiBUOQMAX/1000,
TS2=:P.WER/1O0O0)*EXFF(.ALPHA*WN*W2*ZETA)/(Pl*(F/(WN*WIDTH))**2)
TS3:TS1/TS2
TS4: -10,*ALCGloCTS3)
TS5c .i0,*ALCGiofAVGFAT)
PRINT 5d,AVGRAT,TSjTS2,TS3,TS4,TS5

58 F6RMAT(j5X,45XF8,3//j5X*WITF RLROMING ICP(F) =*F8,3* KW/CM2*/i5X
I *WHILE IN VACUUM IT IS*F9l3 * KW/CM21 I(REL) z*F6,3/
2 i5X,28X*DBULSS g*F7,3* TT*F7,3/)

TS1:RUNPP/1000.
TS23(RUNPP/QQCMAXvl0)*100t
T53m(1,-ZPP/FL)*100j
TS4=I)EF*WlDTW*FOCS
TS5m(TS4/(Z*.100O, ) )*1000#
PRINT 6o,TSj,TS2,ZPPTS3#TS4jTS5

60 F6RMATC15Xpl3X*I PEAK POWER u*F7,3* KW/CM2 C*F4.1* 0/0 ABOVE ICPCF
1))*/15X,12X*eCCURS AT ZPP s*F7,3* KM*5X*(*F4oi* 0/0 BEFORE F)*/
2 15Xt15X*DEFLECTIEN n*F7.3* CN*5X*(*F6,3* MRAD)*//1SX*C0MMENTSl*
3 /////)

IF(NDIF ED, 0) 61,62
61 PRINT 615
615 F0RMATc82X*IPPLICIT# CrA*)
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GO TO 63
62 PRINT 625
625 FERMAT(62X*IMPLICIT, SPLINES*)
63 JSEQcMPHISEQl )

CALL DATECMONTH IIDAYI IYEARJLLDAY)
PRINT 64,qSECMGNT, IDAYIYEAR

64 FERMAT(15X#47X*SEGLENCE *04/15X,47X*DATE*5X,12*/*
1 I2*/*12/i5X#47X *R UN TIME I*////)

66 CONTINUE

RE TURN
END

65


